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UNITED STATES PATENT OFFICE 
2,328,610 

MULTIPLING AND DVDNG MACENE 

James W. Bryce, Glen Ridge, N.J., an Arthur E. 
Dickinson, Bronxville, N.Y., assignors to inter 
national Business Machines Corporation, New 
York, N. Y., a corporation of New York 
Application June 10, 1938, Serial No. 213,04 

(C 235-6.) 19 Claims, 

This invention relates to a record controlling 
accounting machine which is capable of effecting 
both multiplication and division. Before setting 
forth the objects of the invention, certain no 
menclature will be explained. 
"Regular' multiplying operations are those op 

erations wherein the multiplier amount and a 
multiplicand amount is derived from each detail 
card, the factors multiplied and the product 
punched back on each detail record. 
"Rate card' multiplying Operations embrace 

those types of operations wherein the multiplier 
amount is derived from a master or rate card 
with the multiplicand amount derived from each 
of a plurality of detail cards which are inter 
spersed between the rate or master cards, The 
multiplier amount derived from each rate card 
multiplies the multiplicand amount as derived 
from each detail card and the product is recorded 
on each detail card. 
'Checking' multiplying operations refer to op 

erations wherein previously computed cards are 
re-run through the machine and wherein product 
amounts are re-computed and the re-computed 
amounts checked with the previously recorded 
product amounts. Checking is individual for 
each card, 
"Regular dividing' operations refer to compu 

tations wherein the divisor and dividend are de 
rived from each card, the dividend divided by the 
divisor and the quotient result recorded on each 
detail card. 
"Rate card dividing' operations embrace those 

operations wherein the divisor amount is derived 
from each rate or master card and the dividend 
amount is derived from each interspersed detail 
card. The quotients are computed and recorded 
by punching on each detail card. 
"Checking dividing' operations refer to types of 

Computations wherein previously computed cards 
are placed in the machine, the divisor, dividend 
and quotient derived therefron, and the dividing 
operation checked card by card by a re-computa 
tion which is effected in a different manner, with 
the final checking of the re-computed quotient 
against the quotient derived from the card. 

Special computations as hereinafter explained, 
refer to combined multiplying and dividing com 
putations such as the multiplication of two fac 
tors and the division of the result by a third term 
or the division of a term by the product of two 
factors. 
The present invention has for its general ob 

ject the provision of a construction of machine 
which will have extremely high speed of oper 

5 

O 

5 

25 

30 

40 

55 

ation for either multiplication or division or both 
and wherein the construction is such that the 
minimum number of Working parts and units are 
required for attaining high speed. 
A further object of the present invention re 

sides in the provision of a construction wherein 
diversity of functions, results and calculations 
may be secured with the utilization of common 
Operating parts. 
A further object of the present invention re 

sides in the provision of a cpnstruction which in 
cludes simple means for setting up the machine 
and for controlling the parts and units for per 
forming a wide variety of kinds or types of con 
putations. 
A further object of the invention resides in 

the provision of a calculating machine, including 
automatic controls which are automatically ef 
fective upon completion of one type of calculation 
(e. g., multiplication) to cause the machine and 
its parts, units and controls to be automatically 
adjusted to carry out another type of calculation 
(e.g., division). 
Subordinate to the last mentioned object, a 

further object of the present invention resides in 
the provision of a construction wherein the ma 
chine, after completing a second calculation of a 
combined calculation, is automatically readjusted 
to a status which may resume calculation per 
taining to a new computation or problem and rc 
peat the foregoing combined calculation. 
A further object of the present invention re 

sides in the provision of a record controlled cal 
culating machine adapted to perform either 
multiplication or division by a calculating mecha 
nism which utilizes a set of all the digital multi 
ples of One of the factors, i. e., the multiplicand 
upon multiplication and the divisor upon division. 
A further object of the present invention re 

sides in the provision of a record controlled ac 
counting machine with means for calculating ac 
Cording to the general equation 

AXB 
C 

wherein terms A, B and C are derived from a 
Connon record. 
A further object of the present invention re 

sides in the provision of a record controlled cal 
culating machine with means for calculating ac 
cording to the general equation 

-4 
BXC 

wherein terms A, B and C are derived from a 
common record. 



2 
A further object of the present invention re 

sides in the provision of a record controlled cal 
culating machine adapted to perform rate divid 
ing operations. 
A further object of the present invention re 

sides in the provision of a calculating Inachine 
with means manually settable by the operator 
and with simple controls such as a single plug 
connection, to enable the machine to perform at 
the will of the operator any selected one of the 
following operations: 

Regular rate or checking multiplying opera 
tions; regular rate or checking dividing opera 
tions; or either of two special combined calcula 
tions which include both multiplication and divi 
sion. 
A further object of the present invention re 

sides in the provision of a dividing machine of 
the type which effects division by comparing 
the different digital multiples of the divisor, 
which are available upon storage means there 
for, successively with successive comparison por 
tions of the dividend in a dividend receiving de 
vice, wherein a plurality of comparing units are 
provided which retain a setup of all the different 
multiples during comparing and deducting oper 
ations. 
A further object of the present invention re 

sides in the provision of improved place limiting 
mechanism and simplified controls therefor. 
A further object of the present invention re 

sides in the provision of a place limiting mech 
anism which controls the machine operation 
automatically in accordance with the size of the 
divisor amount, the size of such amount being 
automatically detected. 

Subordinate to the last mentioned object, the 
present invention also has for its object the pro 
vision of a combined automatic and manually 
set place limiting mechanism wherein the auto 
matic place limiting mechanism supercedes and 
takes control from the manually set mechanism 
in the event that the latter is adjusted for com 
putations which exceed the columnar capacity 
of the machine or in the event that the latter is 
not set. 
A further object of the present invention re 

sides in the provision of a record controlled cal 
culating machine adapted for either multiplica 
tion or division, and/or both, of terms derived 
from each of a succession of records wherein 
common calculating and result receiving mech 
anism is employed for either division or multi 
plication and which common mechanism is se 
lectively associated with the special mechanisms 
and controls which are required for one or the 
other of the kinds of calculations. Shiftable in 
terrelating means are provided which may be 
easily set by the operator or which may be 
brought into operation automatically when the 
machine is set for calculations which involve both 
multiplication and division. 
A further object of the present invention re 

sides in the provision of a machine with improved 
cycle controller features. 
A further object of the present invention re 

sides in the provision of controls for calculating 
machines including special controls and controls 
Common to both special controls which are 
brought into operation when either of the special 
controls is effective. 

In the drawings: 
Figures 1 and 1a, taken together with Fig. 1a. 

to the right of Fig. 1, show the somewhat dia 

2,328,610 
grammatic view of the various units of the Ina 
chine and the drive therefor; 

Fig. 2 is a detail sectional view of the accumu 
lator taken along the dividing line between two 

5 adjacent denominational orders of such accumu 
lator or entry receiving devices; 

Fig. 3 shows certain parts of Fig. 2 in a different 
position; 

Fig. 4 is another sectional view of one of the 
10 accumulator units, the view being generally simi 

lar to Fig. 2, but taken on a somewhat different 
vertical plane; 

Fig. 5 is a detail view taken substantially along 
line - of Fig. 4; 

Fig. 6 is a detail view of the tens transfer or 
carry can and related parts; 

Fig. 7 is another fragmentary sectional view 
of the accumulator unit of Fig. 2, the view being 
taken substantially along line T-T of Fig. 2 look 

20 ing in the direction of the arrows. This view in 
particular shows the readout structure in cross 
section; 

Fig. 8 is an elevational outside rear view of 
the accumulator unit of Fig. 2, the view being 

25 taken from the left of Fig. 2, looking to the right; 
Fig. 9 is a detail view of the readout com 

mutators and wiring to the plug prongs, the sec 
tion is taken substantially on line 9-9 of Fig. 8: 

Fig. 10 is an outside view of the accumulator, 
30 viz. the view taken from the right of Fig. 8 and 

looking to the left and which view shows the gear 
drive for the accumulator unit; 

Fig. 11 is a somewhat diagrammatic view show 
ing the card handling and sensing section of the 

35 machine. The card handling section is shown 
diagrammatically in Fig. 1a; 

Fig. 12 is a rear elevational view of one of the 
So-called comparing units of the machine; 

Fig. 13 is a detail sectional view of the parts 
40 for one order of a comparing unit, the section 

being taken along line 3-3 of Fig. 12; 
Fig. 14 is another detail sectional view of cer 

tain parts of the comparing unit, the section 
being taken Fubstantially on line f 4 of Fig. 

45 12, looking in the direction of the arrows; 
Fig. 15 is a fragmentary detail view of the com 

paring commutator and brush devices of the com 
paring unit, the view being taken substantially 
on line 5-5 of Fig. 13, looking in the direction 
of the arrows; 

Fig. 16 is a top plan view of an electromechan 
cal multi-contact relay unit which is used in 
the machine for cycle control and pre-sensing 
control purposes; 

Fig. 17 is a detail sectional view of such unit, 
the section being taken substantially on line 
7-7 of Fig. 16; 
Fig. 18 is a detail view of one of the automatic 

plugboard units used in the machine, this view 
showing the plugboard unit in open position; 

Fig. 19 is a can timing diagram showing the 
timing of the various CC cans; 

Fig. 20 is a cam timing diagram of the FC cams; 
and 

Fig. 21 is a cam timing diagram of the XC 
Cans; 

Figs. 22a, 22b, 22c, 22d, 22e, 22f, 22g and 227, 
taken together, show the complete circuit dia 
gram of the machine. In arranging these fig 
lures, Figs. 22a tr 22d are arranged vertically in 
the order named with Fig. 22a at the top. Figs. 
22e to 22h are also arranged vertically in the 
Order named witi Fig. 22e at the top and such 
figures are placed to the right of Figs. 22a to 22d 
respectively. 
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2,828,810 3 
Pigs. 23 to 30 inclusive, show the plugging on 

the insertible plugboard for different calculations 
which the machine is adapted to perform. 
Accompanying each figure is a suitable descrip 
tive legend designating the computation for 
which the plugboard is plugged; 

Figs. 31 to 36 inclusive, are sequence of oper 
ation diagrams for different typical calculations 
which the machine is adapted to perform. These 
diagrams show the successive cycles of operation 
for these different computations. The respective 
diagrams also bear suitable designating legends 
indicating the type of computation to which the 
diagram relates; 

Figs. 37 to 42 inclusive, show flow diagrams of 
typical computations as performed by the na 
chine. These show illustrative problems and the 
manner of effecting entry into the various receiv 
ing devices and how the machine performs dif 
ferent typical computations. Each diagram is 
accompanied by a designating legend giving the 
particular calculation which is illustrated in the 
diagram. 

Machine drive 
Referring first to Figs. 1 and la, in general the 

machine comprises five accumulating units which 
are respectively designated SP, LQ, RD, ML and 
MP. It may be explained that the unit ML 
contains accumulators and readouts from which 
all of the nine digital multiples of the divisor 
or multiplicand can be derived depending upon 
whether the machine is used for division or mull 
tiplication. The MP receiving device receives the 
multiplier upon entry in multiplying calculations. 
Such unit is not utilized on dividing. The accu 
mulating units LQ and RD receive components 
of the products upon multiplication with the final 
product formed in LQ and on division. LQ re 
ceives the quotient amount and RD the dividend. 
The SP unit is utilized on checking computa 
tions. This unit is also utilized on special Com 
putations which involve both multiplication and 
division. The various accumulating units are 
driven by the gearing delineated from the driving 
motor M. The machine is also provided with a 
direct current generator DC. The card handling 

- and feeding section of the machine is of cus 
tomary form like that shown in Daly Patent No. 
2,045,437 and is driven in the usual manner. The 
FC can contacts are also driven in the customary 
manner in synchronism with the drive of the 
card handling section of the machine. The units 
designated CY, N-R, and TT are electromechani 
cal relay setup units of the general construction 
shown in Figs. 16 and 17. Each of these units 
is adapted for reset from the constantly running 
drive shaft by the customary one revolution 
clutch arrangement. The reset magnets for the 
units are respectively designated 32 CY, 32N-R 
and 32 TT. The comparing units are shown 
diagrammatically at CU-CU. These comparing 
units are of the form shown in Figs. 12 to 15 
inclusive and such units are adapted to be driven 
from the drive shaft by the use of the well known 
one revolution clutch, the clutch magnet being 
designated 42. 
Also driven from the main drive shaft are the 

usual CC cans, designated CC-86, and an in 
pulse distributor 306, a constantly running com 
mutator 348 and in addition there are also pro 
vided eight impulse emitters which are desig 
nated 4, 34, 44, 322, 40, STS, 848 and 350. 
Referring now to the XC-8 cam contacts, 

such can contacts are driven from the drive 
shaft through a one revolution clutch which is 

controlled by magnet 2. The driven side of the 
one revolution clutch receives its drive from the 
main drive shaft through the gearing shown, 
which drives one of the KC-8 cams one revo 

5 ution for each three revolutions of the main 
drive shaft. 

or clarity and susbequent description, the up. 
per and lower drive shafts will be given a like 
reference numeral S0. 

O Accumulators and entry receiving devices 
As stated, the SP, LQ, RD, M.L. and MP units 

are accumulators of electromechanical type. 
These accumulators are identical in construction 

15 except for the number of readout sections, some 
accumulators having four readout sections and 
others having two. The accumulator which is 
here employed may be of various types known in 
the art, more particularly the type of accumulator 

20 having electrical transfer and electrical reset, 
Sultable accumulators of this type are shown and 
described in United States Patent No. 1,834,767 
and suitable readout structure may be that shown 
in United States Patent No. 2,062,117 employing 

25 the electric reset of Patent No. 1,834,767, modified 
as per British Patent No. 422,135. 
The present invention involves transfer total 

arrangements according to British Patent No. 
422,135. - 

30 While the aforesaid accumulators are of suit 
able type for use with the present invention, pref 
erably a preferred accumulator is of the form ill 
lustrated and described in Lake and Pfaff Patent 
No. 2,232,006, dated February 18, 1941. This ac 

35 cumulator will now be briefly described. 
In lieu of driving the accumulator by the cus 

tomary jaw clutch, the present accumulator which 
is shown in Figs. 2 to 10 inclusive, is of the form 
in which a magnetic clutch is used for driving 

40 the accumulator element. Suitable circuit mak 
ing and breaking devices are provided to enable 
the differential clutch action to take place at a 
differential time of the cycle depending upon the 
time of sensing. These devices cause the mag 
netic clutch to remain in action until a definite 
point in the cycle whereby definite amounts of ro 
tation of the accumulating wheel are obtained in 
accordance with the initiating differential impulse. 

Referring to Fig. 10, 50 is the drive shaft which 
is in constant rotation. This drive shaft through 
suitable gears such as 5 and 52 drives an ac 
Cumulator drive shaft 53. Shaft 53 carries a gear 
5 which through an idler 55 drives a gear 56 
Carried by a square shaft 57 which is thus also in 
constant rotation. The shaft 57 is suitably sup 
ported in bearings carried in the side plates 58 
of the accumulating unit. Between the side plates 
are suitable spacing cross bars 59 (see Figs. 2 and 
7), holding the plates in spaced relationship and 

60 aiding in the support of the accumulator mech 
anism. The accumulator units may be made in 
any desired number of orders. On the square 
driving shaft is a fitted bushing 60 (see Figs. 7 
and 9). Around this bushing 60 there is rigidly 

65 secured a magnet yoke 6. 
Carried about the periphery of yoke 6 and in 

sulated therefron and from each other there are 
a pair of channel shaped collector rings 62 to 
each of which is connected one end of a magnet 

70 winding 63 secured and positioned within the yoke. 
Trailing against each ring 62 there is a brush 64 
which is carried in a suitable brush holder. The 
yoke with its winding rings constitute the driving 
element of the accumulator clutch whose driven 

75 elements include the toothed wheel B and tens 

5 5 



4. 
carry can 66. The wheel and cam are riveted 
together as indicated in Fig. 7 and the rivet fas 
tenings also afford driving means for the readout 
brush holders. Such parts are mounted for free 
rotation on the bushing 60. As shown there is a 
slight air gap between the end of the yoke 6 and 
the carry cam 66. Wheel 65 is provided with ten 
teeth (see Figs. 3 and 4), between two of which 
when the wheel is at rest there extends the nose 
of a lever 6. Such lever is freely pivoted on a 
rod 68. Such lever is held in the position shown 
in Figs. 2 and 4 by a looped wire spring 69 con 
nected at one end to a rod Ti-O and its other end 
to a pin in the nose of lever 67. The spring 69 
and the lever 67 form a toggle with the pin urging 
the nose in contact with the wheel 65. When the 
clutch magnet winding is energized, the wheel 
65 and the cam member 66 are magnetically 
clutched to the yoke 6 and commences to rotate 
therewith. 

Energization of the clutch magnet is afforded by 
the usual differentially timed impulse which may 
be received from the sensing section of the ma 
chine or from other controls affording an initiat 
ing timed impulse. As the wheel 65 commences 
to turn the edge of one of its teeth bears against 
the upper inclined edge of the nose on lever 6 
and cams the lever clockwise as viewed in Fig. 2 
about its pivot 68 carrying the lower end of the 
spring 69 to the right of a line between centers 
68 and T0. This position of the parts is shown 
in Fig. 3. The parts will remain in such position 
until wheel 65 is again disengaged from the driver. 
Lever 67 when rocked by a tooth shifts an in 
sulated link 7 shifting a contact member 2 to 
the position shown in Fig. 3. When in this posi 
tion a circuit is completed through the forked 
member and a contact spot. This establishes a 
holding circuit to maintain the clutch magnet 
energized. 

It may be mentioned that before shifting, an 
arm of member 2 was establishing contact with 
a contact point T. The arrangement is such that 
a make before break action occurs as the lever 
shifted. It will be understood that the clutch 
magnet is energized at a differential time and that 
the amount that the wheel B is rotated is de 
pendent upon the differential time of receiving 
an impulse. De-clutching action at a fixed time 
in the cycle is brought about as follows: On shaft 
53 there is a can TS with which a follower is 
cooperater. The follower is integral with a ball 
TT which extends across a plurality of unts of 
different denominational orders. For each order 
there is a lever 78 pivoted on rod and having 
a lower tail portion bearing against the bail 
(see Figs. 2, 3 and 4). Each lever is provided 
with a spring T9 which urges the follower T 
against its cam T5. Each lever 78 has lateral ex 
tensions 80 and 8, the former lying in the plane 
of the wheel 65 and the latter extending behind 
ever 6. 
The operation is such that during the entering 

period of the cycle the follower S rides on the 
intermediate concentric portion of cam hold 
ing bail TT and through it the lever 9 in the 
position shown in Figs. 3 and 4. At the zero in 
dex poir,t in the cycle the follower T6 drops off 
the cam and the bail TT allows the lever 8 to 
rock rapidly in a counterclockwise direction 
bringing projection 8 into the space between 
two of the teeth of the wheel 5. At the same 
time projection B engages the lever 6 swinging 
it back from the position of Fig.3 to that of Fig. 
2 thus causing the holding circuit of the clutch 
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magnet to be broken. It may be mentioned that 
the clutch magnet circuit is established by the 
member 73 and is broken when 72 moves off this 
contact. 
When the clutch magnet circuit is interrupted 

projection 80 will engage the leading edge of a 
toothon the wheel 65 and positively interrupt fur 
ther rotation of the now released accumulating 
wheel. At the same time the trailing edge of 
the engaged tooth is overlapped by the nose of 
the lever 67 to prevent retrograde movement of 
the parts. Continued rotation of the can 75 
will, through portion 15c thereof, again release 
wheel 65 for a possible tens carry operation and 
portion 5d will again interrupt the wheel after 
a single step of movement. Finally the highest 
portion 75e of can 75 will cause lever 76 to rock 
an additional amount in a clockwise direction to 
restore the tens carry lever 82, if the same had 

20 previously been rocked counterclockwise by the 
carry devices now to be described. 

10 

15 

Carry mechanism. 
Carry cam 66 (Fig. 6) is provided with a notch 

25 Ga, and a rise 66b. The carry lever 82 pivoted at 
68 has its nose held against the carry can by 
means of a looped spring 83, which urges the 
carry lever 82 clockwise. The lever 82 carries an 
insulating depending member 84 through which 

30 the brush B5 extends to make contact with either 
of contacts 86 or 8. Normally the parts occupy 
the relation of Fig. 4 with the brush lying inter 
mediate the contacts. When the wheel 65 has 
been advanced to a "9" position, cam 66 is in the 

35 position shown in Fig. 6, wherein the nose of the 
lever 82 is in the notch 66a, thereby affording 
contact between brush 85 and contact 86. When 
the wheel 65 passes through "O' rise 66b on cam 
66 will rock the lever 82 to its dotted line posi 

40 tion in which position spring 83 will now hold it 
since the point connection between the spring 
83 and the lever 82 is now to the left of the line 
between centers 70 and 68. As a result the brush 
85 is shifted to engage contact 87 and will re 
main in such position until after the carry por 
tion of the cycle when the high portion 75e of 
can 75 will cause lever 6 to rock lever 82 back 
to the position of Fig. 4. 

Readout structure 

Attached to each accumulator wheel is the 
readout mechanism, It will be understood that 
any desired number of brush sections can be 
provided driven by a single accumulating wheel 
B (see Fig. 7). According to the present inven 
tion in some instances four brush structures are 
driven by a single accumulator "wheel and in 
other instances two brush structures are driven 
by a single wheel. Fig. 7 shows the four brush 
structure arrangement. Such structure con 
prises a holder 8 of insulating material having 
a wire brush 89 fitted within a groove in the 
holder. The groove it will be understood con 
forms with the general shape of the center part 
of the brush. In the plane of each brush 88 
there are commutator segments 90 and a com 
mon arcuate segment 9. Each brush 89 serves 
to make electrical connection between the re 
lated common segment 9 and each of the seg 
ments 90 according to the position of the brush 
upon advance of the accumulating wheel 65. 
Since the wheel 65 has ten teeth, it moves a tenth 
of a revolution for each unit entered. Segments 
90 are spaced one-twentieth of 360 degrees apart 
so that the brush 9 stops at the segments in the 
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order in which they are numbered in Fig. 9. In 
the position shown Zero segment 9 is connected 
with the common segment 9. 
The segments 90 and 9 as well as the circuit 

to the carry brush 85 terminate in beveled con 
tacts 92 (see also Fig. 5) so that ready connec 
tion can be made to the unit by means of the bi 
furcated blades 93. 

Comparing units 
The comparing units of the present machine 

are of the form more fully described in the co 
pending United States application of Ralph E. 
Page, Serial No. 117,493, filed December 24, 1936. 
As shown in Fig. 1a, two comparing units are ill 
lustrated, each designated CU. These comparing 
units receive their drive through the one revolu 
tion clutch 342 from the drive shaft 50. Upon 
energization of the clutch magnet 342 the shaft 
ing and gearing generally designated 94 is caused 
to rotate through one complete revolution. It 
may be explained that for dividing calculations 
the comparing unit drive is maintained in con 
stant motion. Such comparing unit is wholly 
disconnected upon multiplying calculations. 
Comparing units will now be more specifically 

described. Each comparing unit comprises sup 
porting side plates 95 which are secured to 
gether by suitable cross members which also af 
ford Support for various parts such as magnets, 
balls and springs. Each comparing unit is pro 
vided with a drive gear 96 (see Figs. 12 and la). 
Such gear 96 is fast to the comparing unit drive 
shaft 97 (see also Figs. 12, 13 and 14). Each 
shaft 9 has secured to it a pair of bail operating 
cams 98 and a pair of restoring cams 99 and iOO. 
Suitably secured in the side plates is a cross 
shaft of on which are pivotally mounted in in 
terspaced relation two series of sectors, one of 
which is designated O2 and the other of which 
is designated 03 in Fig. 13. It will be under 
stood that there is a pair of such sectors 02 and 
3 for each denominational order in which com 

parison is to be effected. The sectors are adapt 
ed for pivotal rocking movement on the support 
ing shaft of and timed rocking movement is im 
parted to the sectors by bails 4 and 05 which 
bails are each connected to their respective sec 
tors by springs fos. The bail 04 projects 
through the planes of the sectors 32 and is con 
nected to the sector by means of the springs 06 
which tend to hold the surfaces to 3c of the sec 
tors in abutting engagement with the bail 04. 
Similar abutting engagement is provided for be 
tween sectors 02 and bail 05. In Fig. 13 the 
sectors are shown arrested and the bails have 
moved away from the sectors. Initially and 
during the bail and sector movement until the 
sectors are arrested by the stop pawls the sectors 
abut and maintain contact with the bails. This 
mechanism is more fully described in British 
Patent No. 523,652. 
Rocking movement is imparted to the bails by 

bail actuating levers 07 (one of which only is 
shown in Fig. 13). Each of such levers carries a 
cam follower roller 08 which cooperates with a 
cam 98. The can follower rollers (8 are main 
tained in cooperation with cams 98 by means of 
springs fo9 which are attached to the bail arms 
and to a fixed support as shown in Fig. 14. Dif 
ferential movement of the Sectors is determined 
by magnetically tripped stop pawls 9 (see Fig. 
13). Such stop pawls are normally latched by 
their related magnet arnatures out of the path of 
the ratchet teeth. On the sectors, The comparing 
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magnets are generally designated AW and AZ. 
It will be understood that the AZ magnets con 
trol the related upper sets of sectors 02 and the 
lower comparing magnets AW control the move 
ment of the lower sectors 3. For compactness 
of construction the magnets are disposed in a 
somewhat staggered relation, which will be ap 
parent by inspection of Fig. 12. In Fig. 13, the 
two lower comparing magnets 2-AW and f-AW 
are adapted to control two adjacent sectors one 
of which is behind the other. 
Upon energization of a comparing magnet such 

as -AW at a differential time its armature will 
release the stop pawl 0 which will swing under 
the influence of its spring to engage the Sector 
ratchet and differentially stop it in a position 
corresponding to the differential time at which 
an impulse is received to energize the comparing 
magnet. In Fig. 13 the sector 03 is shown as 
stopped at the '9' index point position and like 
wise the sector iO2 is also shown stopped at the 
'9' index point position. In the event that there 
is no energization of a comparing magnet the stop 
pawl O will stop its related sector at the '0' 
index point position due to the high shoulder 
beyond the zero position. 

Each sector 02 and 103 carries a pin f2 and 
each of these pins extends through slots in a 
differentially floating link f 3. Each differen 
tial link has a pin 4 carried thereby and ex 
tending therethrough. Each such pin 4 is slid 
ably guided for in and out movement with re 
spect to the shaft Ol by means of a slotted mem 
ber 5. Also cooperating with each pin 4 is 
a member 6. Member 6 has a cam slot por 
tion 6a comprising a straight portion, another 
straight portion 6b and a connecting sloping 
portion 6c. The relation of parts is such that 
if sector 03 has the same setting as sector O2, 
for example at the '9' index point position as 
shown in Fig. 13, the pin 4 will remain at the 
center in the sloping can portion 6c. Under 
this condition there will be no movement of the 
arm. A 6. On the other hand when pin 4 is 
caused to move to the right as is the case when 
sector O2 moves to a greater extent than sector 
f3, then member 6 will be rocked upwardly or 
counterclockwise about of as a pivot. This 
counterclockwise movement of 6 occurs when 
the amount set in sector iO2 is less than the 
amount set in sector 03. On the other hand 
when the amount set in sector O2 is greater 
than the amount set in sector O3, the pin 
will move to the left or into the 6a cam slot 
portion of 6. This will callse clockwise Swing 
ing of 6 about 10 as a center. 
By the above mechanism for any order of the 

comparing unit it is possible to compare two 
numbers in a given order and to get three selec 
tive settings of f 6. One setting is made when 
the numbers are equal in which case there is no 
movement imparted to 6, and it remains in 
the center position. The other conditions are an 
upward or downward displacement of f 6. 

It will be understood that in order to provide 
for comparison of multi-denominational num 
bers that there are a pair of sectors 02 and fo3 
for each order and further that there is a nem 
ber 16 for each order. Each member 6 has 
secured to it a brush contact bifurcated wiping 
member 7 (see Fig. 15). In Fig. 15 there are 
shown four wiping members 7. The two to 
the extreme left are in non-shifted or middle po 
sition. The second from the right is in upper 
position indicating that its Sector f03 has moved 
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to a less extent than its related sector f02 and 
the extreme right hand wiping member is in 
down position, indicating the reverse sector con 
dition. 

Suitably mounted upon the side plates in coop 
eration with the brush members f is a com 
paring commutator generally designated 8. 
This comparing commutator Comprises a base 
plate 9 and a face strip 20 of insulating Ima 
terial supported by other strips of insulating 
material 2. Suitable fastening rivets secure the 
parts together and secured to the face of 20 are 
common contact strips 22 and 23. Located be 
tween the strips f f 9 and 20 are a series of ter 
minal plates 24 having portions which extend 
beyond the euges of the conrnutator for circuit 
connections. Parts of terminal plates 24, to a 
certain extent, resemble triangles with their 
points extending to the right, note the dotted 
line extension in Fig. 15. Carried on the face 
of the strip 20 are a number of contact plates 
25, each of which is connected to a related ter 
minal plate 24. The contact strips 22 and 23 
are serrated and arranged so that the serrations 
pass each other and extend into the spaces be 
tween the contact plates 25. The ends of the 
serrations of 22 and 23 and between 25 are 
blocks of insulating material 2 having contact 
rivets 26 which connect with the respective ter 
minal blocks 24. 

It may be explained that the comparing con 
mutator is sectionalized for making comparison 
of three orders with three Orders. With the set 
ting shown for the three brushes to the extreme 
left in Fig. 15, the circuit. will come in at the 
wire marked 'n' to block 24. It will extend 
through 25, through the brush f, thence to 
plate 22 and out on the circuit labeled "DR. less 
than DD.' However, assume that the right hand 
brush is in the middle position. In this event, 
the circuit would extend from the "In' wire to 
contact block 25, through brush f, through 
the segment 26 of the next order to the left, 
thence through contact block f2, through the 
brush of this order, again through 26 and 
25 pertaining to the next order, through the 
brush of this order, through the block 26 
and 25 and out on the "Out equal' wire. On 
the other hand assume the right hand T brush 
of the three order unit in down position. The 
circuit comes in on the "In' wire, through the 
contact block 25, through the brush f, and is 
then completed through the lower serrated mem 
ber 23 to an out line labelsed "DR greater than 
DD." - 

With reference to the comparing commutator, 
it may be explained that the first brush from 
the right in any group which has moved off from 
the central or equal position effects the control. 
For example, assume that the third brush 
from the left in Fig. 15 is in middle position and 
the second brush from the left is in upper posi 
tion, then in that event the circuit would be com 
pleted from the 'n' line, through the terminal 
block 24, through block 2, through the brush 

in say the hundreds order, through spot 
26, through block 26, through brush to 
contact plate 22 and out. In short, it may be 
stated that it is the highest Order shifted brush 
which is controlling for purposes of Comparison. 
In the use of the comparing units it is de 

sirable to set up one side of the comparing unit 
once and then hold the setting and it is also 
desirable that the other side of the comparing 
unit be set up, then restored and set up again 

2,828,610 
for a following comparing cycle. In order to 
provide for this operation certain bail movement 
controlling mechanisms are provided, which will 
now be described. 

5 Referring to Fig. 14, it will be noted that the 
bail 05 is provided with a spring pawl 2 and 
that bail 04 is provided with a spring pawl 28. 
Arranged to cooperate with f2 and 28 are pawls 
29 and 30 which pawls may be considered as 
normally having the latched position as shown. 
Upon clockwise swinging of bails O4 and 05 the 
pawls 2 and 28 first yield and ride upon the 
face of pawls 29 and 30. When the end of 
the bail movement is reached, the pawls 27 and 

5 28 snap into the position shown, thereafter both 
bails 04 and OS will be latched against return 
movement. If it is desired therefore to retain 
the setting of an upper sector O2 (Fig. 13) mag 
net 32 AZ (Fig. 14) is left de-energized. So long 

20 as this magnet is left de-energized, the previous 
Setting of sector 02 or a plurality of such sectors 
will be retained. 

Referring now to the lower sector 03, it is de 
sired that this sector be reset on each compar 

25 ing cycle. Accordingly, magnet 32 AW (Fig. 14) 
is energized. Upon the attraction of its arma 
ture, pawl f30 will swing under the influence of 
its spring in an anti-clockwise direction out of 
intercepting relation with pawl 28. Accordingly, 

30 bail fo4 can have an anti-clockwise restoring 
movement to restore the sector or sectors 03 
cooperating therewith. 
Arms 32 (Fig. 14) are oscillated by cams 99 

and foo once each machine cycle and such arms 
35 are provided for the purpose of knocking of the 

armatures of magnets 32 AZ, and 32 AW when 
ever any armature has been tripped and such 
frame is also adapted to restore the pawls 30 
and 29 to their latched position. When the 

40 bails 04 and 05 are swung counterclockwise to 
restore the sectors, the pawls f O (Fig. 13) ride 
up on the smooth high parts of the sectors be 
yond the nine ratchet tooth position and thus 
displace the pawls out of the line of the ratchet 
teeth. At about this time the leading edge of a 
ball such as 104 engages a pivoted armature re 
storing member 33 and rocks it clockwise to dis 
place the ball 34 and therefore knock of the 
armatures and re-latch the stop pawls ff0. 
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Electromechanical relay unit 
Referring to Figs. 1 and a there are three 

electromechanical relay units which are generally 
designated CY, N-R and TT. These units are 
identical in construction, except for the number 
of contacts and only one of them will be described. 
Each unit has a drive shaft 35, the drive shaft 
is adapted to make one-quarter of a revolution 
for each revolution of the main drive shaft 50 
When the related one revolution clutch (for ex 
ample that controlled by magnet 32 CY, Fig. 1) 
is operated. 

Referring now to Figs, 16 and 17 the shaft f85 
is suitably journalled as shown and intermediate 
the journals the shaft is provided with a square 
Cross-section as clearly shown in Fig. 17. In gen 
eral the contact operation of this unit is as foll 
lows: Each relay unit comprises the required con 
tacts which may include normally closed con 
tacts, transfer or shift contacts and normally 
open contacts. Each set of contacts has a trip 
ping magnet associated therewith. Such E. 
ping magnets are ADt and AD. Upon ener 
gization of either of these magnets their contacts 
will be tripped so that they shift to reverse posi 
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tion from that shown. Such contacts thereafter 
remain in such shifted position until the shaft 
5 makes one-quarter of a revolution, where 

upon the contacts are mechanically restored to 
their initial position. Such contacts are then 
latched in such position, The rotation of the 
shaft 35 also mechanically knocks of the arma 
tures and also mechanically restores the contacts 
to their initial position. 
The details of these electromechanical relay 

units form the subject matter of a copending 
application of James M. Cunningham, Serial No. 
135,503, filed April 7, 1937. Referring to Fig. 17, ADt is one of the tripping 
magnets. Cooperating therewith is a spring re 
tracted armature 36 which has its upper portion 
in contact with a latch piece riveted to an insu 
lated strip 3 to which the lowermost contact 
blades are riveted. Suitable springs such as 38 
bias the lowermost contacts and the strip 37 
downwardly. The insulating strip 3T extends 
along and overlies the square shaft 35. It will 
be self-evident that upon energization of a mag 
net ADt related contacts will shift to reverse 
position and remain in such position. There 
after, upon one-quarter of a revolution of shaft 
35 one square corner of the shaft will first abut 
the insulating strip 35 and lift it to upper posi 
tion restoring the contacts and slightly later 
another corner of the square shaft intercepts a 
camming element 39 integral with the armature 
36 and positively shifts the armature from the 
magnet into latching position. 
The construction is substantially duplicated 

for the right hand section of the unit. It will 
be understood that the upper contacts of a set 
are shifted by insulating members 40. 

Insertible plugboards 
In order to quickly shift the machine controls 

from one status in which it is capable of effecting 
One type of computation to another status for 
effecting another type of computation use is made 
of insertible plugboard elements. This insertible 
plugboard construction is of a type known in the 
art and the insertible plug unit is generally indi 
cated at 4 in Fig. 18. Devices of this type are 
generally known as "automatic plugboards' and 
a suitable form of Such board is shown and fully 
described in United States patent to Lake, No. 
2,111,118. Such automatic plugboard arrange 
ment comprises a series of relative fixed machine 
Sockets to which the fixed machine wiring is 
connected. Adapted for cooperation with such 
Sockets are plug prongs carried by a replaceable 
plugboard assembly or unit. Such plug prongs 
on the replaceable board are in turn connected 
to plug sockets upon the replaceable board. 
These plugboard sockets may be in turn plugged 
up by the operator selectively at will or the entire 
board may be preplugged with a desired set of . 
connections. The manner in which the replaceable plug 
board units 4 are wired and plugged for differ 
ent computations is shown in Figs. 23 and 30 
inclusive. With reference to Fig. 23 for regular multiply 
ing operations the dotted plug connections will 
bi, omitted. Upon rate multiplying the dotted 
connections will be utilized, but the solid con 
netion designated 42 will be removed. All other 
selid connections will be utilized for rate multi 
plying. Referring to Fig. 24, the dotted line connec 
tions will be left out on regular multiplying and 

7 

on rate multiplying the solid line connection 42 
will be removed and the balance of the plugging 
will include all of the other solid line connections 
and the dotted line connections. Referring to Fig. 26 on regular dividing, the 
dotted line connections are omitted and on rate 
dividing all of the dotted line Connections and 
all of the solid line connections are utilized With 
the exception of solid line connection 43 which 
is removed. The same changes as are made for 
Fig. 26 are made for dividing and rate dividing 
in Fig. 27. Referring to Fig. 28, the supplemental dotted 
line connections are used with checking dividing 
with the one-half pick-up and they are omitted 
when this feature is not used. 

It may be explained that the plug socket refer 
ence numerals as used on the circuit diagram 
will have similar reference numerals to those 

20 used on the diagrammatic plug board views on 
Figs. 23 to 30 inclusive. 

Cam timing diagrams 
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The can timing diagrams, Figs. 19 to 21 inclu 
25 sive, are self-explanatory. It should be noted 

that the CC cam contacts make one revolution 
per machine cycle. The FC cam contacts of Fig. 
20 on the other hand make one revolution per 
card feed cycle, which comprises two machine 

30 cycles. The XC contacts of Fig. 21 make one 
revolution for three machine cycles. 

Before describing the details of the circuit dia 
gram and the operation of the machine the gen 
eral operation both for multiplying and dividing 

35 will be briefly explained. 
Multiplying 

When the machine is to be used for multiply 
ing, the amount of the multiplican d and multi 
plier are read from the record. The multiplicand 
amount is entered into five accumulative type re 
ceiving devices. The amount of the multiplier is 
entered into its receiving device. Following this 
entry cycle wherein amounts are derived from the 
record, there is a building up of multiples of the 
multiplicand. Before explaining the manner in 
which these multiples are built up it may b3 
stated that certain of the entry receiving devices 
which receive the multiplicand amounts are pro 
vided with so-called doubling readouts. These 
doubling readouts are fully described in British 
Patent No. 456,367. In the machine cycle foll 
lowing the entry cycle, twice the amount of the 
multiplicand is read out from the doubling read 
out associated with the ML-2 accumulator and 
such doubled multiplicand amount is entered into 
ML3-6, ML4-8, ML-5 and ML-9. On the 
following machine cycle twice the multiplicand 
amount is again read out from the doubling read 
out of ML-2 and entered into ML4-8 and 
ML-5. Concurrently, and during this same 
cycle, six times the multiplicand amount is read 
out from the doubling readout associated with 
ML3-6 and such multiple is entered into ML-T 
and ML-9. This completes the building up oper 
ation of all digital multiples of the multiplicand. 
While the present description has explained 

the building up of multiples for multiplying oper 
ations, it may be explained that on dividing there 
is a similar building up of all digital multiples of 
the divisor in the same receiving devices. 

It may be explained that upon multiplication 
two result accumulators are provided. By pro 

75 viding such two result accumulators multiplica 
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tion by two orders of the multiplier may be ef 
fected concurrently and during the same machine cycle. 

It may be mentioned that cycle control means 
are provided to control the sequence of machine 
cycles for significant multiplier digits only. The 
cycle controller will be explained in further detail subsequently. 
During the computing cycles, the machinese 

lects under the control of the multiplier entry 
receiving device which multiples are to be entered 
into the result receiving devices. Assume for 
example, the multiplier amount is 27. The times 
7 multiple would be read out from MLR-7 and 
entered into the RD accumulator. The times 2 
multiplies would be read out from MIR-2 and 
entered into the LQ accumulator, the entry of the 
2 multiple being affected concurrently with the 
entry of the 7 multiple into the other accumu 
lator. Further computing operations would sub 
sequently ensue for further columns of the mul 
tiplier and after entries were affected for all 
multiplier columns a gathering together cycle 
follows in which the amount in the RD accumu 
lator is read out therefrom and entered into the 
LQ accumulator. Thereafter the machine is 
ready to record the result of the computing which 
recording is effected under the control of the LQ 
accumulator, the product amount therein being 
punched back on the record card. 
The foregoing briefly explains the general man 

ner of operation for effecting multiplication. 
Division 

For carrying out division calculations, the 
amount of the divisor and the amount of the 
dividend are read from the record card and the 
amount of the divisor is entered into the accumul 
lative type receiving devices, which on multipli 
cation received the multiplicand. Entries of the 
divisor and the building up of multiples of the 
divisor is effected in exactly the same manner as 
was described in connection with multiplication. 

It may be mentioned, however, that upon entry 
of the divisor amount from the record into the 
receiving accumulators the divisor entry is shift 
ed by a column shift mechanism so that the high 
est significant digit always appears in the ex 
treme left hand order of the receiving accumu 
lator ML-1-2. The dividend amount is also 
derived from the record and such dividend 
amount is entered into the RD accumulator. 
The dividend entry is also made in a manner 
such that the highest significant digit is entered 
into the highest order of the accumulator or clear 
to the left. The purpose of making the divisor 
and dividend entries in shifted relation is to save 
operating cycles during the dividing calculations. 
Control of entry shift for both the divisor and 
dividend entries is made by pre-sensing each 
record to ascertain the location of the highest 
order significant digits of both these amounts. 
Having ascertained the Orders in which such 
digits of the divisor and dividend occur a selec 
tive control is set up and upon entry there is a 
shift to the left to an extent determined by the 
control which is set up. 
When the machine is effecting division, certain 

comparing units are utilized. These comparing 
units are generally of a type described in the 
copending application of R. E. Page, Serial No. 
117,493, filed December 24, 1936. Two of such 
comparing units having a potential comparing 
capacity of thirty-two columns are utilized in rviding calculations. 

When dividing is to be effected a comparison 
portion of the dividend, i. e., a determined num 
ber of orders thereof to the extreme left, is de 
rived from RDR and such dividend comparison 
portion is set up in each section of the comparing 
units. Concurrently and in the same machine 
cycle with such set up, there is also set up in 
each of said sections a multiple of the divisor. 
Different multiples of the divisor are set up on 

10 different comparing unit sections. Having set 
up the comparison portion of the dividend and 
the different digital multiples of the divisor in 
this manner, the comparing units proceed and 
affect a comparison. This comparison is effected 

15 in the same cycle in which entries of amounts 
were made into the comparing unit sections, com 
paring being instantaneously effected after entry. 
This comparing operation of the comparing unit 
sections determines which divisor multiple is 

20 greatest in magnitude that is equal to or just 
less than the comparison portion of the dividend. 
Having made such determination, a selective con 
trol is set up based on the comparison, that is 
to say, if the 4 divisor multiple is determined to 

25 be the greatest going multiple there is a selective 
control related to 4 set up. 

Following the comparing operation the com 
plement of the highest going divisor multiple is 
read out from its related readout and this com 

30 plementary amount is entered into the RD ac 
cumulator bringing about a deduction of the 
divisor multiple from the comparison portion of 
the dividend in such accumulator. Along with 
this deducting operation the related quotient 

35 digit is entered into the quotient receiving ac 
cumulator LQ. The same operations are then 
repeated for a new comparison portion of the 
dividend. Before comparison is effected, of 
course, the dividend receiving side or sections 

40 of the comparing unit sections are restored to 
Zero in Order that a new comparison portion of 
the dividend may be introduced therein. 
The foregoing continues with proper Columnar 

shift after each operation until the dividing corn 45 putation is completed. 
It may be mentioned that the machine is pro 

vided with certain place limiting devices and con 
trols to terminate operations when either a cer 
tain desired quotient columnar position is reached 
or to terminate operations when the capacity of 
the machine is reached. 
When dividing operations are completed the 

machine is ready to record the quotient back on 
55 the record. However, in such recording, which 

is under the control of LQ, there is a relative 
shift back of the quotient entry on the record. 
This so termed "shift back" is made under con 
trol of devices which are set up according to the 

60 original shift of the divisor and dividend upon 
their entry. The shift back for recording is ac 
cording to a definite law which will be subse 
quently explained in detail, 
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65 Rate multipling 
Rate multiplying follows the customary proce 

dure, that is to say, the fixed multiplier amount 
is derived from a rate or master card which is 

O provided with a special perforation. The null 
tiplicand amount is derived from each detail 
card and multiples built up. The product. 
amount is punched back on each detail card but 
computing and punching operations are elimi 

75 nated for rate and master cards. 
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Checking multiplying 

On checking multiplying computations, the 
previously computed product as recorded on the 
Card is read out from the card and entered into 
the SP accumulator. On this particular com 
putation the cards are reversed end to end with 
respect to their relation with the brushes used 
in the previous or original card run. This end 
to end reversal of the cards provides for check 
ing of the operation of the brushes, plug con 
nections, etc. On such checking computation 
there is also the customary reversal of the mull 
tiplier and multiplicand. That is to say, the 
multiplier on the original run becomes the mul 
tiplicand on the re-run and the previous multi 
plier now becomes the multiplicand on the re 
run. Prior to computing operations there is a 
transfer of the amount in SP in a complemen 
tary manner into IQ to set up in LQ the com 
plement of the previously recorded and com 
puted product. Multiplication then ensues in 
the usual way and the product entries are di 
rected into LQ in the usual way by original en 
tries therein and a transfer entry from R.D. If 
the computation has been made correctly and 
the amount checks the LQ accumulator will be 
brought back to zero, indicating a -check con 
dition. Thereupon a new card will be checked 
and so on. On a non-check condition the ma 
chine operation terminates and a manual opera 
tion is necessary to restart it and remove the in 
correct card, etc. 

Rate dividing 
On rate dividing computations, the divisor 

amount appears on the rate or master cards 
which are provided with a special perforation. 
On passage of this master card through the ma 
chine the divisor multiples are built up on the 
various ML devices and the settings are retained 
until a new master card passes through the ma 
chine, whereupon there is a break down and a 
new multiple of the divisor is set up. The divi 
dend amount is derived from each detail card, 
dividing operations occur for each detail card 
and the amount of the quotient is placed on each 
detail card. Computing and recording operations 
are eliminated for master cards except that the 
divisor multiples are built up from readings de 
rived from such card. 
On rate dividing there is a pre-sensing of the 

divisor field to ascertain the position of the high 
est significant digit containing column of the 
divisor. A control is set up in accordance with 
such pre-sensing which is retained for all suc 
ceeding detail cards of the group following the 
master card. 

It may be also explained that all cards includ 
ing the master cards and detail cards are pre 
sensed in both the divisor and dividend fields, 
but the control from the master card is only set 
up from the divisor field, the pre-sensing of the 
dividend field of this card being ineffective. On 
following detail cards while there is again pre 
sensing of both the divisor and dividend fields the 
set-up control is from the dividend field and the 
divisor field pre-sensing control is ineffective. 
Shift back on final recording is under the control 
devices set up from the divisor field of the master 
card and from the dividend fields of following 
detail cards. 

Checking dividing 
On this type of operation the different digital 

multiples of the divisor are built up on the various 
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MI devices in the customary way. The dividend 
amount is read from the card and entered into 
SP in a shifted to the left relation. The pre 
viously recorded quotient is also read from the 
card and entered into LQ in a shifted to the left 
relation. Following these entries and during one 
of the building up cycles the complement of the 
dividend is read out of SP and entered into R.D. 
Dividing operations then ensue. However, in such 
dividing operations in place of comparing true 
amounts, i. e., a true comparison portion of the 
dividend against the true divisor multiples, the 
comparison is effected between the complement 
of the comparison portion of the dividend against 
the complement of each divisor multiple. This 
brings about a different numerical comparison 
because entirely different digits are used. Hav 
ing effected comparison in this complementary 
manner the comparing unit controls which are 
selected as a result of the comparison are such 
that they select the highest multiple whose com 
plement is equal to or just greater than the 
Comparison portion of the complement of the 
dividend. Thereafter the true amount of the 
multiple is entered into the RD accumulator and 
concurrently with this operation the complement 
of the quotient digit related with the selected 
multiple is entered into LQ. Successive com 
plementary comparing and entry operations en 
sue until a number of complementary quotient 
digits equal in number to 'the number of digits 
in the previously computed quotient are obtained 
and entered. If the computations are correct 
the accumulator elements of LQ will stand at 9 
which signifies a check condition. This condi 
tion will cause a reset of certain accumulators 
and an initiation of a new checking operation 
pertaining to a following card. If a non-check 
condition is detected, further machine cperations 
terminate until there is a manual operation to 
re-start it and remove the incorrect card. 

Half-entry feature on division 
The machine includes rounding off mechanism 

to permit the recording of amounts to the nearest 
one-half. When such mechanism is used, if the 
machine is set say for a 3 place quotient, the 
use of the one-half control will cause the ma 
chine to compute to one further place in which 
place a 5 is added, but on final recording there 
is a disearding of such last place. When the 
one-half entry has been used on Original runs 
for dividing and when checking is effected of 
such former runs which involve a one-half entry, 
the one-half entry is compensated for on the 
check run by a complementary one-half entry. 
That is to say, in lieu of adding 5 there is a 
subtraction of 5, subtraction being effected by 
complementary addition. 

X B 
C 

In handling this computation the A amount 
is entered into the multiple receiving devices and 
the various digital multiples are built up as be 
fore. The B amount is entered into MP. The C 
amount is pre-sensed and is entered in shifted 
to the left relation in SP. The machine then 
computes the AXB computation in the usual 
way and finally the result of AXB stands in LQ. 
Following such computation there is a reset of 
all of the ML devices and the RD accumulator. 
There is also a testing of the setting of IAR to 

Special computation 
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determine the highest order in which a signif 
cant digit appears and to set up a control re 
lated thereto. The amount standing in SP is 
entered into the ML devices and the various 
multiples of such amount C are built up in these 
devices. Also the product amount standing in 
LQ is read out and entered in RD in shifted to 
the left relation under the control previously 
mentioned and LQ is thereupon reset. With this 
special computation, upon completion of multi 
plying Ax B, the machine circuits and controls 
are automatically shifted from the relationship 
which they had for multiplying for a suitable 
relationship for effecting division. Dividing oper 
ations then ensue in the regular way and the 
result amount is formed and finally set up in 
LQ from which it is recorded in shifted back relationship. 

A. Special computation BXC 

In carrying out this computation the machine 
performs out the multiplying phase of the prob 
lem first and thereafter changes over to effect 
division. In carrying out this computation the 
B amount is entered into the ML devices and the 
multiples are built up in the usual Way. The C 
amount is entered into the MP device. The A 
amount is pre-sensed to ascertain the highest 
order significant digit containing column and 
such A amount is entered into SP in shifted to 
the left relation. Multiplying operations ensue 
in the usual way and the product ultimately be 
cones set up in LG. At the conclusion of multi 
plying the ML receiving devices of the RD ac 
cumulator are re-set to zero. The machine cir 
cuits and controls are shifted from a multiplying 
relationship to a dividing relationship. After 
multiplying is complete the LQ device is tested 
to ascertain which is the highest Order significant 
digit containing column. Thereupon there is a 
transfer of the BXC product in LG in shifted 
to the left relation into the ML devices and there 
after there is the building up of the multiples of 
Such new divisor amount in ML, and a reset of 
LQ. For this computatio there is also a transfer 
of the A amount from SP to RD, the A amount 
now being the dividend. Thereafter dividing op 
erations ensue in the usual way and the result 
amount is formed in LGR and is recorded back on 
the card therefrom in shifted back relationship. 
An incidental feature involved in both the 

Special computations above described is the foll 
lowing: In each of then there is a pre-sensing 
of one factor prior to its entry in the machine by 
pre-sensing the record pertaining to the factor. 
This sets up one control. In each of the fore 
going computations also there is a sensing or 
testing of a computed amount in an accumulator 
to determine the position of the highest sign 
ficant digit containing column. With both of the 
computations on final recording the shift back 
control for such recording is dependent upon both 
of the foregoing set-up controls, that is to say, 
the shift back is based on the pre-sensing from 
the record and the testing of a computed amount. 
There is a further feature which may be incl 

dentally mentioned and that is, in a present ma 
chine, all recording operations, whether on multi 
plying computations, or dividing computations or 
the Special computations, are effected during ma 
chine cycles which overlap operations pertaining 
to the following card. This has not been achieved 
heretofore in any machines involving division, 
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Regular multiplying 

The operation of the machine will first be ex 
plained with reference to regular multiplying. In 
explaining regular multiplying the manner in 
which multiples of an entered amount are built 
up and stored in the machine will be set forth 
and these multiple building up operations are 
equally applicable to the building up of the di 
visor in dividing computations. 

Before describing regular multiplying Opera 
tions it may be stated that the circuit diagram 
of the instant application has been shown with a 
limited columnar capacity. For simplicity of ill 
lustration the capacity as shown by the circuit 
diagram is two columns by two columns, but it 
will be appreciated that in actual practice the 
machine would have a greater columnar capac 
ity. Greater columnar capacity involves merely 
a parallel duplication of circuits and relay con 
tacts, 

It will be assumed that a set of record cards are 
in place in the supply magazine of the machine. 
The operator then closes switch 300, supplying 
current to driving motor M (Fig. 22b). With 
the main driving motor M in operation the D. C. 
generator marked “DC' (Fig. 22d) is set in oper 
ation supplying current to ground and to D. C. 
line 30. The operator now depresses start key 
302 (Fig. 22d) and a circuit is completed from 
ground through to the FC-3 contacts through 
relay contacts F-1, through the start key con 
tacts back through relay coil E to line 30. Relay 
coil E upon being energized is maintained ener 
gized by a stick circuit through relay contacts 
E- and can contacts FC-2. The energization 
of relay coil E closes relay contacts E-2 and a 
circuit is completed from ground through relay 
contacts AJ-2 (Fig. 22h) through cam Con 
tacts CC-29, via wire 380 through the punch 
controlled contacts P- (Fig. 22d) and the E-2 
contacts now closed, through the JJ-2 contacts, 
through the stop key contacts 303 now closed, 
through the card feed clutch magnet 304, back 
through the D-1 contacts in the position shown 
to line 30. A card is now fed by the card feed 
ing and handling section of the mahcline and is 
advanced towards the reading brushes in the 
usual way. In starting up the machine on a run 
of cards, the start key must be maintained de 
pressed for two card feed cycles or it may be de 
pressed and released and re-depressed. 

During the initial card feed cycle certain idle 
operations occur which may be merely alluded 
to. The RD accumulator is reset to Zero and cir 
cuits of the machine are conditioned just as if a 
product amount were to be punched. Punching 
does not occur at this time, however, because 
there is no product to record and the card has 
not reached the punch. Late in the second ma 
chine cycle of the card feed cycle, the card lever 
contacts 305 close bringing about an energization 
of relay coll G. Energization of relay coll C 
brings about closure of relay contacts C- (Fig. 
22e) which affords current supply to the FC-6 
contacts. These contacts upon closure permit 
current to be supplied to the impulse distributor 
306 from which current impulses flow to the card 
transfer and contact roll 307. The usual regular 
reading brushes 308 are provided which are con 
nected to plug sockets generally designated 309. 
With the present machine, as explained before, 

Special plugboard Slides are provided for each 
computation. The plugboard slide for a regular 
multiplying operation is provided with plug con 
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nections as shown on lig. 23 in which corre 
sponding reference numeras appear to those on 
the circuit diagram. This plugboard side will 
be pre-wired as shown in Fig. 23 and inserted 
in the slide holder prior to starting up the ma 
chine for a regular multiplying operation. 
Upon re-depression or maintained depression 

of the start key and with relay coil G energized 
in the manner previously explained, relay con 
tacts G-, (Fig. 22d) will become closed and a 
circuit will be established not only to the card 
feed clutch magnet 0 in the nanner previously 
traced, but a branch circuit will be established 
through the AT- contacts now in the position 
shown, through the now closed G-4 contacts 
through the now closed AL-2 contacts to a 
supplemental clutch magnet 32. This supple 
mental clutch magnet releases for rotation the 
group of XC cams which, upon release, functions 
for three machine cycles. 

During this second card feed cycle, relay coil 
G causes closure of contacts G-2 (Fig. 22c). 
Current flows from ground through the now 
closed G-2 contacts, through cam contacts 
FC-fi, through either contacts NN-S or con 
tacts AH-2 in closed position, through relay con 
tacts AL-6 in the position shown, through AR-2 
contacts in the position shown, through the 
Rt- contacts now in the position shown through 
the relay coll Tit and back to line 30. The ener 
gization of coil Tit causes closure of the group of 
contacts T-2 Fig. 22a). These contacts remain 
Closed during the entry portion of this feed cycle, 
Also during the entry portion of this cycle cam 
contacts XC- close to energize relay coil K 
(Fig. 22d). With relay coil K energized, the 
K-f-8 contacts (Fig. 22a) become closed. The 
multiplicand amount is entered through the 3 
plug sockets (Fig. 22a) through the AG--6 
contacts, through the T-2 contacts now in 
closed position, down through the now closed 
K--8 contacts. The armount of the multi 
plcand is entered into the following multiple 
receiving devices ML--2, ML-3-6, ML-5, 
ML-T and ML-9. On the circuit diagram the 
prefix reference numera refers to the ac 
cumulator magnets of these multiple receiving 
devices. At this point it may be explained that 
the multiple receiving devices are commonly used 
for both multiplying operations and for dividing 
operations. On multiplication, these multiple re 
ceiving devices are used to build up and store 
nine different multiples of the multiplicand and 
on division the same multiple receiving devices 
are used to store nine different multiples of the 
divisor. The nultiple receiving devices have been 
previously described, these are in the form of 
electrically controlled accumulators with electrl 
cal readouts. The M--2, ML-3-8 and 
M-4-8 receiving devices are provided with 
doubling readouts in addition to the usual 
straight readouts. The other multiple receiving 
devices are provided with straight readouts only. 
On the entry portion of the feed cycle, as ex 
plained, the amount of the multiplicand is en 
tered into five of the multiple receiving devices 
concurrently. 

Before describing how the multiples of the mull 
tiplicand are built up, it may be stated that the 
multiplier is entered in the following manner. 
The multiplier enters through plug sockets 30 
(Fig. 22e) through the MP-1-2 contacts now in 
the position shown to the SMP accumulator 
magnets and through the normally closed AH 
contacts to ground. The amount of the multi 
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pier is thus entered into the multiplier receiving 
device. 
Coincidentally with this set up of the multi 

plier in the multiplier receiving device there is a 
set up of the cycle controller and this set up is 
made according to the presence of significant 
digits in the multiplier amount. Assuming 27 to 
be the amount of the multiplier, at the '7' index 
point in the cycle, the Alou relay (Figs. 22e and 
17) coil is energized and at the "2" index point 
the ADt relay coil is energized. 'u' and "t' refer 
to the units and tens Columnar orders. The re 
turn circuit for these cycle controller set up 
coils is via the normally closed AH- contacts 
to ground. 

During the entry cycle, controls are set up to 
cut of the start key control circuit and to also 
maintain the operation of the machine under 
record card control. Referring now to Fig. 22d, 
early in the entry cycle cam contacts FC-4 close, 
energizing relay F. being energized, it is main 
tained energized by a stick circuit which is Com 
peted through contacts F- and cam contacts 
FC-3. The shift of the F-1 contacts cuts off 
the circuit to the start key contacts 302. Energi 
zation of F closes contacts F-2 to maintain a 
stick circuit for relay coils F and Geither through 
FC-3 contacts or the card lever contacts 30. 

Building of multiples 
It has been previously explained that on the 

entry cycle, the multiplicand amount was entered 
into M--2, ML-3-6, ML-5, MIL-7 and 
MT-9. On the machine cycle following the 
entry cycle, there occurs the first step in the 
building up of further multiples. As stated, the 
ML--2 device is provided with a doubling 
readout. This is designated MLR---2 on Fig. 
22b. In this machine cycle can contacts XC-2 
(Fig. 22d) close, energizing relay coil L. With 
relay coil L energized, relay contacts I-I-2 
(Fig. 22a) close and current supply is afforded 
for the adding emitter 34 as follows: From line 
30 (Fig. 22b), through contacts MM-, BB-28 
and ML-9 in the position shown, thence to 
emitter 34. From emitter 3f the impulses flow 
over to the transverse buses of the doubling sec 
tion of MLR--2, down through the piloting 
section of this readout, and out via a group of 
lines generally designated 35. From these lines 
the impulses fiow down through the L-f-12 
contacts (Fig. 22a) which are now closed and 
ultimately reach the ML-3-6, ML-4-8, ML-5 
and ML-9 accumulators or multiple receiving 
devices. This operation will have completed the 
building up of the 3 multiple in ML-3-6. 
On the following machine cycle, the can con 

tacts KC-3 (Fig. 22d) close, energizing relay 
coil M and causing closure of contacts M-f-2 
(Fig. 22a). With the emitter 34 in operation 
the times 2 multiple of the multiplicandi is read 
out from MLR-1-2 and flows via lines 35 and 
through the M--6 contacts to the M--8 
and the ML-5 accumulators. This will have 
completed the setting of the 4 and 5 multiples 
on these receiving devices. During the same cycle 
in which these entries are being made, the 6 
multiple of the nultiplicand is read out from 
the doubling readout section of MLR-- and 
such 6 multiple flows via lines 36 (Figs. 22b, 
22f, 22e and 22a), through the M--2 con 
tacts and finally reaches the ML- and ML-9 
receiving devices. This operation will have com 
pleted the setting up of the 9 multiple on MT-9 
and the setting up of the 7 multiple on ML-, 
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The multiple building up operations are now 
complete, 
During the second card feed cycle, the record 

card from which the factors were read is advanced 
to the punch tray in the usual manner. Upon 
reaching this tray, the contacts 37 close (Fig. 
22d) to energize relay coll D. The energization 
of relay Coil D shifts relay contacts D - to a 
reverse position from that shown cutting off cur 
rent supply from the card feed clutch magnet 304 
and providing current supply for the punch rack 
trip magnet 8 upon closure of cam contacts 
CC- with contacts P-3 and relay contacts 
B- closed. The relay contacts B - become 
closed upon energization of relay coil B upon 
closure of the customary last column punch con 
tacts P-5. With punch rack trip magnet 38 
energized, contacts 9 beeome closed and remain 
latched closed in the customary manner by latch 
320 (Fig. 22b). Current supply is then provided 
for the punch driving motor PM and endwise card 
feed occurs in the usual way to feed the card 
to the first product punching position. 

Rese 

With relay coils B and D energized in the man 
ner previously explained relay contacts B-2 and 
D-2 (Fig. 22e) become closed. Upon closure of 
can contacts CC-27, current will flow from the 
0 line through these contacts through the relay 

contacts AK- now in the position shown, down 
through the now closed B-2 contacts, the HH-2 
contacts now closed, the D-2 contacts now closed 
and down through the AS-9 contacts now in the 
position shown, to and through the 82 Le reset 
relay coil to ground. Reset will then be effected 
by the LQ accumulator. 
The present machine employs electric reset and 

provision is accordingly made to maintain the 
2LQ relay coil energized during the reset cycle. 

This is provided for by stick contacts LQ--, 
such contacts being in a stick circuit including 
can Contacts CC-5. Upon energization of the 
Le relay, contacts IQ-6, LQ--4 (Fig. 22h) 
and LQ-5 (Fig. 22g) shift to reverse position 
from that shown. With LQ-6 (Fig. 22h) in re 
verse position current supply is afforded to an 
emitter 822 which is wired in a nines comple 
mentary nanner to one of the LQR readouts. 
Complemental impulses representative of the 
nines complement of the amount standing in LQ 
flow through the now shifted LQ-1-4 contacts, 
through the set of lines generally designated 928 
to the SLQ accumulator magnets and back to 
ground (see also Fig. 22g). By thus introducing 
the nines complement of the amount standing in 
LGR the accumulator elements are restored to a 9 
position. To bring the accumulator to zero from 
the all 9 position to Zero, an elusive 1 is entered 
in the units order at the carry time in the cycle. 
This entry is provided through the contacts 
LQ-5 which are closed in the manner previously 
explained. This impulse is supplied in the foll 
lowing manner: From line 30, through cam con 
tacts CC-6, via line 324, through the LQ-5 
Contacts, through the normal carry relay contacts 
AV-2 controlled by relay col AV (Fig. 22d) 

'... down to the units order of the LQ magnets, 
The units order is this advanced one step and 
the electric transfer devices of the accumulator 
cause advance of all the other higher orders one 
step. 

It may be explained that as long as the ma 
chine is operating, can contacts CC-2 close once 
each machine cycle at the carry time in the opera 
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tion of the accumulators. Such closure of cam 
contacts CC-2 energizes relay coil AW. The en 
ergization of coll AW closes contacts AV----2 
(Fig. 22e), AV-3-19 (Fig. 22a), AV-20-23 and 

5 AV-24-27 (Fig. 22g) and AV-28-3 (Fig.22c), 
which are respectively associated with the MP, 
ML, RD, IQ and SP accumulators. Since coil AV 
becomes energized once each machine cycle the 
aforementioned relay contacts thus close at the 

10 carry time. The closure of these contacts permits 
the electric carry devices to be effective for per 
forming carry operations whenever they are re 
quired in their related accumulators. 

During IQ reset, provision is made to prevent 
15 repetition of such reset. This repeat reset pre 

venting means is provided for as follows: Dur 
ing IQ reset, the LQ-8 contacts are closed (Fig. 
22d). Accordingly, when cam contacts CC-6 
close, a circuit is provided from ground through 

20 the AS- contacts, in the position shown, 
through the IQ-8 contacts, through CC-6, 
either through relay contacts AK-32, or through 
the AT-2 contacts to relay coil. HH. Relay coil 
HH becoming energized, establishes its stick cir 

25 cuit through contacts HH- and the punch con 
trolled contacts P-2 now closed. On Fig. 22e, 
the relay contacts HH-2 open and thus inter 
rupt the reset initiating circuit to 32G. - 
Computing operations of the machine, that is 

30 to say, the adding of selected multiples of the 
multiplicand into the product receiving device, 
are initiated by IQ reset. From the LQ-8 con 
tacts (Fig. 22d), a branch circuit extends to con 
tacts CC- and upon closure of these cam con 

35 tacts, relay coil. JJ is energized, relay contacts 
H-5 being now closed. JJ once being energized, 
is maintained energized by a stick circuit through 
contacts JJ-, through the AK-24 contacts now 
in the position shown, through the reset contacts 

40 ML-23 and back to ground. Coil JJ is the com 
puting initiating control. 
With the present machine for multiplying, 

multiplication is effected by entering into the 
dual product receiving devices multiples of the 
multiplicand from the multiple readout devices. 
The selection of multiples is made under the con 
trol of the MPR readout according to the amount 
of the multiplier standing in the MP receiving 
device. Inasmuch as the multiple receiving de 
vices and readouts associated there with provide 
all nine digital multiples of the multiplicand, it 
is possible to enter two multiples pertaining to 
two different orders of the multiplier concurrent 
ly into the separate sections of the result receiv 
ing devices. While multiple selection is afforded 
by the MPR readout for such concurrent entry 
there are supplemental entry controls afforded by 
the cycle controller. The cycle controller ascer 
tains in which columns of the multiplier there are 
significant digits and in which columns there are 
zeros. Selective controls are set up in the cycle 
controller according to such zeros and significant 
digits and these controls determine which orders 
of MPR are to be effective for controlling multiple 
selection. The cycle controller also controls co 
umn shift action for routing of multiple entries 
to the result receiving devices in proper columnar 
relationship therein, 

Before the cycle controller is further explained 
its principles of operation may be briefly set 
forth. If significant multiplier digits are present 
in all odd and even columns of the multiplier the 
machine will concurrently enter multiples per 
taining to adjacent odd and even columns and 
thereafter advance to another pair of odd and 
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even columns and make another concurrent 
multiple entry for these two columns. If zeros 
are present in any odd multiplier column, multi 
ple entry cycles will be omitted for any such odd 
orders. Likewise where zeros appear in even 
orders of the multiplier amount entry cycles will 
be omitted for such even orders. In referring to 
odd and even orders of the multiplier, counting 
of orders is commenced from the right, that is, 
the units is one, an odd order, and the tens is two, 
an even order. The cycle control for odd orders 
is wholly independent of the cycle control for 
even Orders. 

In the operation of the machine, both the Odd 
order cycle controller and the even order cycle 
controller must both have completed their inde 
pendent control of entries before further machine 
operations can take place. 

in substance, the machine has two independent 
cycle controllers, one for even orders and the 
other for Odd orders and, in effect, multiple en 
tries. The machine may complete one set of 
multiple entries under the control of one cycle 
controller ahead of the multiple entries which are 
effected under the control of the other cycle con 
troller. However, whenever possible, concurrent 
entries are made into both sections of the product 
receiving device. The only time when such con 
current entries are not made is when zeros are 
present in either all odd multiplier orders or in 
all even multiplier orders or when one cycle con 
troller has completed its controls in advance of 
the other. 
The entry routing controls are so arranged that 

multiples pertaining to odd orders of the multi 
plier always go to RD and multiples pertaining 
to even orders of the multiplier always go into LQ. 
Summarizing the machine has in effect, two 

cycle controllers. One cycle controller derives its 
Control from Odd numbered columns of the multi 
plier. The other cycle controller derives its con 
trol from even numbered columns of the multi 
plier. Each cycle controller tries to complete its 
operations in the minimum number of successive 
machine cycles and both cycle controllers can 
Operate concurrently. One cycle controller will 
direct entries into one accumulator and the other 
cycle controller Will direct entries into the other 
accumulator. In the complete wiring diagram 
only a dual order multiplier is utilized, but in 
practice, this multiplier, of course, might contain 
many more orders. The cycle controller is, how 
ever, here shown with provision for more than 
two orders in order that its principles of oper 
ation may be disclosed and understood. 
Upon energization of relay coil. JJ in the man 

ner previously explained relay contacts JJ 
(Fig. 22.f) close and upon closure of cam contacts 
CC-28, a circuit is completed from line 30, 
through the AK-9 contacts in the position 
shown, through CC-28, through the ML-20 re 
lay contacts in the position, shown, through the 
JJ-4 contacts now closed, through 340SA and 
back to ground. Magnet 340SA is the magnet of 
a stepping switch SA. Such stepping switch may 
be of the general type shown in United States 
patent to Bohlman No. 1569,450. Upon energiza 
tion of 340SA, the stepping switch arms of the 
cycle controller are advanced from normal of 
contact position to the first contact position (Fig. 
22e). In Fig. 22e, the first contact position is 
that which is in circuit with contact AID-S and 
AD-6. The energization of relay coil. JJ will 
have closed relay contacts JJ-5 and upon the 
closure of cam contacts CC-3 and CC-2s cur 
rent will flow from line 30, through CC-, 
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13 
through JJ-5, through the AD-5 contacts now 
in closed position as brought about by the ener 
gization of the ADL magnet in the manner pre 
viously explained, down via line 326, through the 
column shift relay magnet CSc and back to 
ground. A circuit is also completed through con 
tacts ADt-5, via line 327 to the column shift re 
lay magnet CSb and back to ground. 
The energization of CSc will close its related 

column shift contacts shown on Fig. 22g and di 
rect the entry of the multiple related to the units 
order of the multiplier into the proper columns 
of the RD result accumulator. The energization 
of CSb will close its related column shift contacts 
on Fig. 22g and direct the entry of the multiple 
pertaining to the tens order of the multiplier into 
LQ. Concurrently with the energization of the 
above mentioned shift magnets CSc and CSb, 
current supply is afforded through lines 328 and 
329 to the units and tens common segments of 
MPR (Fig. 22f). With the problem under con 
sideration (see Fig. 37) the multiplier amount is 
27 so the brush in the units order of MPR 
will stand on 7 and the brush in the tens order 
will stand on 2. With such brushes in these po 
sitions, the 7 brush in the units order will allow 
current to flow to the T-X multiple selecting 
relay. The circuit back to ground is through 
the AK-8 relay contacts now closed. The brush 
standing on the 2 spot of the tens order will 
permit energization of the 2-XX multiple select 
ing relay. The respective multiple selecting re 
lays X and XX have Stick contacts such as 
-X- and 2-XX- which when closed, es 

tablish stick circuits which not only maintain 
their related multiple selecting relays energized 
but also maintain the selected column shift relays 
energized. The stick circuit from the XX relays 
is via line 339, which extends back to line 30 f, 
through can contacts CC-5. The circuit to 
the stick contacts of the X relays is via line 33, 
which extends to line 30, through can contacts 
CC-5. 
With the above mentioned multiple selecting 

relays energized, the related contacts such as 
2XX-2-4 and 7X-2-4 (Fig. 22b) will become 
closed and a readout of the 2 multiple will be per 
mitted from the doubling section of MLR-l-2 
with the entry of such 2 multiple into LQ. The 
path of impulse flow from the contacts 2XX-2-4 
is via a group of lines generally designated 332 
(see Figs. 22b, 22f and 22g). Lines 332 extend 
to contacts AK-5-7 in the position shown and 
the impulses will flow through these contacts 
through the now closed CSb-i-3 column shift 
contacts, through the AK-8-20 contacts in the 
position sinown, through the ZZ-2-5 contacts 
to the 33LQ accumulator magnets. The mul 
tiple will be read out from MLR-T and the in 
pulses will flow through the T-X-2-4 contacts 
over a group of lines 333 (Figs. 22b, 22f and 22g), 
through contacts DD-2-4 which are in the posi 
tion shown, down through the CSc-1-3 column 
shift contacts, through the group of contacts 
DD-5-8 in the position shown, to the 33RD 
accumulator magnets. 

It will be understood that with the foregoing 
computation if the multiplicand amount is 32, 
the 7 multiple of that amount would be 224. The 
2 multiple would be 64. Accordingly, there would 
a concurrent entry of 64 and 224 respectively, 
into Lq and R.D. 64 would be entered into LQ 
in a tens relationship. The multiplying compu 
tation so far as entry of selected multiples is con 
cerned is now complete, but it will be understood 
that with a larger size machine further multiple 
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and selecting cycles would follow. Assuming, 
however, that the computation is complete on the 
entry of two multiples for a two significant digit 
multiplier, the machine will now terminate multi 
ple selecting and entering operations and con 
trols will be conditioned for the next step of the 
computation. This next step involves the trang 
fer of the amount in RD over into LQ. During 
this same transfer cycle there will be other oper 
ations effected as follows: The multiple receiving 
devices and the MP receiving device will all be 
reset to zero. There will also be a reset of the 
cycle controller set up unit. During this same 
cycle in which these resets take place, the step 
ping switch SA will be restored to its normal or 
non-advanced position. 
Near the end of the multiple entering cycle can 

cantacts CC-28 (Fig. 22f) reclose and again en 
ergize 340SA. The stepping switch arms (Fig. 
22e) will be advanced to the second contact posi 
tion. Contacts ADt-4 and AD12-4 will be in 
shifted position and all remaining cycle con 
troller contacts such as ADh-l-4, ADth-l-4, 
etc., will be in non-shifted position. Upon clo 
sure of CC-3 and CC-26 current will flow 
through the JJ-5 contacts now closed, through 
the switch arms of the stepping switch, through 
the AIDu-4 (Fig. 22e) contacts, through the 
lower pyramidical contacts, out via line 334, down 
through relay coil KK (Fig. 22.f) and back to 
ground. Another circuit will be established 
through the contacts ADt-4 (Fig. 22e), through 
the lower pyramidical contacts, through line 335, 
down through relay coil H (Fig. 22.f). In the 
event that relay coils H and KK are concurrently : 
energized, the subsequent controls are brought 
into action, but if one or the other of these coils 
H or KK is not energized and the other one is 
energized, the controls now to be described will 
not be effective. 
Upon energization of coils H and KK, these 

coils are maintained energized by stick contacts 
H- and KK--, respectively, the stick circuit 
extending through the non-shifted AK-37 con 
tacts and the ML-26 contacts back to line 30. 
The energization of relay coils H and KK will 
cause closure of relay contacts H-3 and KK-2 
(Fig. 22e) and upon closure of cam contacts 
CC-27, current will flow from the line 30, 
through the AK-1 contacts now in the position 
shown, through the H-3 contacts, through the 
KK-2 contacts, through the AK-3 contacts now 
in the position shown, through the AH-4 contacts 
in the position shown, through the 32 MP reset 
relay and also to the 32 (CY reset magnet. A 
branch circuit is also completed to energize the 
CA transfer relay coil. The coils 32 CY and 
32 MP are maintained energized by a stick cir 
cuit through contacts MP-4, which extend to 
line 30, through cam contacts CC-5. The CA 
coil has stick contacts CA-5 which connect to 
the above described stick circuit. 

In order to reset the multiple receiving de 
vices, the 32 ML reset relay is energized. This 
magnet is energized in the following manner: 
At the time contacts KK-2 and H-3 close, a 
branch circuit is established traced as follows: 
Via line 337 (Figs. 22e, 22a, 22b, 22c and 22d), 
through the relay contacts J-2 now closed (see 
Fig. 22h), through the switch arm of the place 
limiting switch SE, via wire 838 (Figs. 22h, 22d, 
22c, 22b. 22a to 22e), through the now closed 
AL- contacts, through the 82 ML reset re 
lay. Upon energization of this relay the MT 
contacts close to provide a stick circuit for coil 
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32ML. The return circuit to line extends to 
can contacts CC-5. 
The foregoing description has explained the 

manner in which 32 CY is energized. The CY 
unit (Fig. 1) is then reset in the customary man 
ner. The description has also explained the 
manner of energization of relay coils 32 fMP 
and 32 ML. Upon energization of relay coil 
3.2MP, the relay contacts MP-1-2 and MP-3 
(Fig. 22e) shift to reverse position from that 
shown. Upon energization of 32 ML, the 
ML--fB contacts (Fig. 22a) and the ML-9 
contacts (Fig. 22b) shift to reverse position from 
that shown. The shift of contacts MT-9 
(Fig. 22) place a nines complementary emitter 
344 in circuit and nines complementary impulses 
are emitted from this emitter through the 
straight readout sections of the MLR-1-2, 
the MLR-3-6, MLR-4-8, MLR-5, MLR-7, 
MLR-9 and through one section of MPR (Fig. 
22f). Considering the MLR-9 readout, the 
nines complementary impulses of the amount 
Standing in the related receiving device flow 
through it and via a group of lines generally 
designated 345 (Figs. 22b and 22a), through the 
ML-5-T contacts to the 33ML-9 accumu 
lator magnets and back to ground. It will be 
understood that such impulses flow through the 
previously described contacts 74 and 72 of the 
accumulator. By such nines complementary 
impulses the ML-9 receiving device is brought 
to an all 9 position. The closure of contacts 
ML-8 allows a circuit to be established to the 
carry impulse line. 324, the circuit being com 
pleted through the now closed carry relay con 
tacts AV-9 to the units order 33ML-9 ac 
cumulator magnet. This provides for an entry 
of one in the units order of this accumulator 
and thereafter the regular electric transfer con 
tacts provide for carries into higher orders. This 
resets the ML-9 receiving device to zero. The 
other multiple receiving devices are reset in a 
generally similar manner and individual reset 
circuits need not be traced therefor. 

Referring now to Fig. 22f, the nines comple 
mentary impulses flow through one section of 
MPR and up via lines 36 (see also Fig. 22e). 
From these lines the impulses flow through the 
now shifted MP-2 contacts, through the 
33MP accumulator magnets, through the AH-3 
contacts now in the position shown, to ground. 
This brings the MP receiving device to the all 9 
position. A circuit is established from the carry 
impulse circuit 324, through the MP-3 contacts 
now closed, through the carry relay contacts 
AV-2 now closed, back to the units order 
33MP accumulator magnet. The usual trans 
fer circuit also energizes the higher order ac 
cumulator magnet. This brings the MP accumul 
lator to an all zero condition. 
As previously explained, at the end of the 

computation, the amounts standing in the RD 
accumulator is transferred into the LQ occumu 
lator to set up the final result in LQ. Transfer 
of such amount is brought about in the follow 
ing manner. Referring first to Fig. 22c, a cir 
cuit is completed from line 30, via wire 347 (see 
also Fig. 22g), through contacts DD-9, AM-2, 
RD-6 all in the position shown, to add emitter 
348. From the add emitter inpuses are emitted 
to RDR and the impulses flow out through con 
tacts RD-4 in the position shown, through the 
CA-3 contacts now in shifted position, to a 
group of lines generally designated 39. Fron 
these lines, the impulses flow through the 223 
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contacts to the 33LQ accumulator magnets. In 
this manner the amount which previously stood 
in RD is transferred over and entered into Lq. 

After the foregoing operations have been com 
pleted, provision should be made to terminate 
the computing initiating control, viz., to de 
energize relay coil JJ (Fig. 22d). Provision 
should also be made to restore the cycle con 
troller stepping relay to its off-contact position 
and reset of the RD accumulator should be ef 
fected and punching operations should be 
initiated. Furthermore a new card feed cycle 
should be initiated. De-energization of the JJ 
relay is brought about in the following manner. 
Energization of the 32 ML relay coil (Fig. 22e) 
Will have opened contacts ML-23 (Fig. 22d). 
With such contacts open and at a later time in 
the cycle, upon opening of contacts CC-8, the 
Stick circuit to relay coil JJ will be broken, 
whereupon this relay will be de-energized. This 
will disable the computing initiating control cir 
cuits and allow the contacts controlled by relay 
JJ to return to the position shown in the circuit 
diagram. 

Relay contacts ML-22 (Fig. 22d) become 2: 
closed upon energization of relay coil 32 ML and 
upon closure of can contacts CC-20 a circuit 
is established through contacts AE-2 and 
AK-23 in the position shown to energize relay 
coil E. Relay coil E upon being energized closes 
contacts E-2 which permit energization of the 
card feed clutch magnet 304. The clutch mag 
net 32 for the XC can contacts is also ener 
gized under, Control of the closed E-2 contacts. 
A new card feed cycle now ensues. 
To restore the cycle controller stepping relay 

to normal position, relay contacts ML-20 (Fig. 
22f) are provided. Such contacts shift to a re 
verse position upon energization of relay coil 
32ML and upon closure of cam contacts CC-28, 
a circuit is established through the AK-9 con 
tacts and the now shifted ML-20 contacts to 
energize the release magnet 34 SA of the stepping 
relay. The stepping relay then assumes its off 
contact position. 
In order to reset the RD accumulator the foll 

lowing control circuits are provided. Referring 
to Fig. 22e, upon closure of cam contacts FC-4, 
during the re-initiated card feed cycle, a circuit 
is established from line of, through the FC-4 
contacts, through the AK-5 contacts now in the 
position shown, through the now-closed XC-9 
contacts to the 32 RD reset relay coil, Energi 
zation of 32 RD closes stick contacts RD-0, the 
stick circuit being completed back to line through 
cam contacts CC-5. Energization of 32 RD as 
above explained, causes the shift of contacts 
RD-6 (Fig. 22g) and a shift of contacts RD-4. 
With such contacts shifted a circuit is established 
from line 30 (Fig. 22c) via wire 347 (see also 
Fig. 22g) to and through the DD-9 and the 
AM-2 contacts in the position shown, through 
the now shifted RD-6 contacts to emitter 350. 
Emitter 350 is a nines complementary emitter and 
with current supplied to it, nines complementary 
impulses are emited through RDR and through 
the now shifted RD-4 contacts to a set of lines 
generally designated 35. The impulses flow via 
these lines to the 33RD accumulator magnets 
and advance the accumulator elements to an all 9 
position. Thereafter a earry impulse is intro 
duced into the units order of the accumulator 
through the closed RD-5 and AV-23 contacts 
which establish a circuit from the carry impulse 
line 324 to the 33RD accumulator magnet in the 
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units order. The customary electric transfer con 
tacts in the accumulator afford carry into the 
higher orders of the accumulator so that all 
accumulator elements are brought back to a zero 
status. 
Punching Operations are initiated in the fol 

lowing manner. Referring to Fig. 22c relay con 
tacts RD-T become closed upon energization of 
reset relay coll 32 RD, Upon closure of can 
contacts CC-4 a circuit is established from 
ground through these cam contacts, through 
RD-T, through contacts AE-6, now closed, 
through contacts AS-5, contacts AT-6, 
AK-4, AT-4, all in the position shown, to 
relay coil AAu. A branch circuit also extends 
from contacts AT-6, through relay contacts 
AK-3 and AT-3, in the position shown to 
relay coil Zu. In order to maintain relay cois 
AAtu and Zu energized, a special stick circuit con 
trol is provided. Closure of contacts R)- and 
can contacts CC-4 also establishes a circuit via 
wire 352 (Fig. 22c and Fig. 22d), which circuit 
extends to relay coil A, energizing it. Upon 
energization of relay coil A a stick circuit is 
established for A by relay contacts A-1, the 
circuit being completed back to ground through 
contacts LQ-7 and AS-T, which are now in the 
position shown. With relay coil A energized and 
relay contacts A- closed, a circuit to ground 
is afforded via line 352 from stick contacts Zu 
(Fig. 22c.) and AAu-1. It may be mentioned 
that another relay coil AB is also picked up and 
held energized as long as relay coil A is enor 
gized. The circuit for energizing coil AB is 
through contacts AS-6 (Fig. 22d). 
The punch interposer magnet circuits will now 

be traced. Referring to Fig. 22h, line 30 extends 
to One side of the set of interposer magnets 353 
and the circuit is completed through one of these 
magnets, through one of the AB--- contacts 
now in shifted position, to and through LQR 
and for the first product punching position to an 
outgoing readout line 354, through one of the 
Zu-l-T contacts and one of the AAu-l-T con 
tacts to one of the plug sockets 355, through a 
plug connection to one of the plug sockets 356 
(Fig. 22d). In the punch the usual readout strip 
and brush commutator device establishes a cir 
cult to the line 357. The circuit fron wire 357 
back to ground is completed through contacts 
SS-2 and AS-8 now in the position shown, 
through the usual punch escapement contacts 
358, through the A- contacts now closed and 
through the circuit previously traced. The cner 
gization of selected ones of the coils 353 will cause 
closure of the punch interposer controlled con 
tacts 359 and upon closure of 359 there will be 
an energization of the punch magnet 359. Punch 
ing, now takes place for the first result punching 
position. The usual escapement occurs in the 
punch and for succeeding orders of LQR the 
punch circuits are established not via wire 35 
(Fig. 22h), but through successive ones of the 
contacts G-G-, FF- and EE-, which are 
now in the position shown. 

It may be explained that concurrently with 
punching the result on the record card there is 
a new card feed cycle and that during this card 
cycle a new set of multiples are being entered 
and built up on the multiple entry receiving 
devices. 

In the customary Way the punch controlle 
contacts P-5 (Fig. 22d) become closed on the 
card reaching the beyond the last column position 
and closure of such contacts brings about ener 
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glization of relay coll B. Energization of relay 
coll B closes relay contacts B- and the circuit 
is cornpleted to the usual eject magnet 36 in the 
punch. Upon eject of the card under the control 
of the eject magnet 38, the contacts P-3 and 
P-4 become closed in the usual way. 
With the card in the beyond the last column 

position in the punch relay coil B will be ener 
gized and with the new card in the receiving tray 
of the punch relay coil D will be energized be 
cause card lever contacts 3 will have become 
closed. With relay coils D and B thus energized, 
relay contacts D-2 and B-2 (Fig. 22e) will 
become closed and with such contacts closed the 
32 LQ reset relay will have been energized 
through the circuit path previously traced. Re 
set of the LQ accumulator will then be brought 
about in the manner previously explained and 
such reset will initiate a new computing oper 
ation. During LQ reset contacts LQ-7 (Fig. 22d) 
open, thereby breaking the stick circuit for relay 
coil A, relay coll A3, relay coils ZU (Fig. 22c.) 
and AAzt. 

One-half pickup on multiplying 
For augmenting a result amount to the nearest 

one-half a plug connection is established from 
socket 362 (Fig. 22e) to a selected one of the 
sockets 363 (Fig. 22g). Then on the second half 
of a card feed cycle and with relay contact G 
closed, a current impulse at the '5' index point 
time in the Cycle will flow through the FC-3 
contacts to the selected 33RD accumulator mag 
net. This will provide for rounding off the prod 
uct result in the usual manner. 

Rate multiplying 
Rate multiplying in the present machine is con 

trolled in the usual way from an X punching on 
the naster or rate cards. AS is customary in rate 
nultiplying, the multiplier amount is taken only 
from the rate cards and dummy multiplying cycles 
and punching operations are Suppressed for the 
rate or master cards, Also the multiplicand 
amount is Only taken from detail cards and re 
sults ale punched on each detail card. 
The present machine embodies simplified con 

trols for controlling such operations and in gen 
eral the simplified controls include a relay selec 
tion which dispenses with the setting of the mul 
tiplicity of Switches which have heretofore been 
required in machines of this class for rate nul 
tiplying Operations. 
Referring to Fig. 22h it may be mentioned that 

for regular multiplying operations a plug connec 
tion is made between socket 364 and socket 365. 
When rate multiplying is to be effected this plug 
Connection is renoved and a plug connection es 
tablished between 364 and 366. This will ener 
gize relay coil AH and such coll will be maintained 
energized during all rate multiplying operations, 
Relay coil AH on energization closes contacts 
AH--. For rate mlultiplying operations a plug 
connection is made from a plug socket 36 (Fig, 
22a), selected according to the column in which 
the X punching occurs on the master card, to 
socket 368 (Fig. 22d). 
Assuming that a master card is the first card 

of a run and that the card is advanced to a post 
tion in which the multiplier amount is about to 
be read by the sensing brushes 308 (Fig. 22e). 
With the card in this position a circuit will be 
completed through the X index point position in 
the master card. The circuit is traced as fol 
lows: From line 30 (Fig. 22e), through the Gi 
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contacts now closed, through line 369 (see also 
Fig. 22a), through the FC-7 contacts which are 
closed at the end of a card feed cycle, through the 
advance contact block 370, through an advance 
sensing brush 3T, via plug connection from socket 
367 to socket 368 (Fig. 22d). Accordingly, relay 
coll NN will become energized since contacts 
AH- are now closed. During the next card feed 
Cycle the multiplier field in the master card is read 
by the brushes 308 and is entered into the MP ac 
cumulator. The return circuit is completed 
through the now closed NN-6 contacts to ground 
(Fig. 22e). It may be mentioned that contacts 
AH-3 are now open, since the AH relay coil is 
energized. No amount is entered from the multi 
plicand field of the card because the Tit-2 con 
tacts do not become closed. With relay coils NN 
and AH energized, relay contacts NN-5 and 
AH-2 (Fig. 22c.) are both opened. Accordingly, 
even though contacts FC- close, no energizing 
circuit is afforded for coil Tt. w 
Early in the master card reading cycle, cam 

contacts FC-2 (Fig. 22d) close causing energiza 
tion of relay coils RR and SS. The Stick circuit 
for RR is through the RR- contacts, the circuit 
being completed back to line 30 through sup 
plemental punch controlled contacts P-2a. The 
stick circuit for relay coil SS is through the now 
closed edect contacts P-4 and contacts RR 
back to line through the path just traced. The 
master card ultimately reaches the receiving tray 
of the punch, closing card lever contacts 3 T and 
energizing relay coil D. Inasmuch as relay coils 
B and D are now energized, relay contacts B-2 
and D-2 (Fig. 22e) become closed and energiza 
tion of the 32 LQ reset relay coil occurs as de 
Scribed before. 
With the master card in the punch tray with 

relay D energized, the D- contacts (Fig. 22d) 
shift to reverse position and upon closure of can 
contacts CC- with relay contacts B-? closed, 
there is an energization of the punch rack trip 
magnet 8 to feed the master card to the first 
punching position. Upon feed of the master card, 
the P-5 contacts open deenergizing relay coil B, 
allowing closure of B-3. With such contacts 
closed, the SS- contacts are now effective to af 
ford a stick circuit for relay coil SS. During the 
feed of the master card in the punch to eject con 
tacts P-4 are opened. Accordingly, the circuit 
connection between coils RR and SS is broken. 

It may be mentioned that relay coils H and KK 
become energized before relay coll RR becomes de 
energized. With coil RR still energized and the 

35 RR-2 contacts (Fig. 22.f), closed circuit is com 
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pleted from line 30 through can contacts CC-2 
to RR-2, through the now closed LQ9-fo con 
tacts, to coils H and KK. These coils, once ener 
gized, are maintained energized through their re 
lated stick contacts H- and KK-, the stick 
circuit extending back to line through contacts 

. AK-37 and ML-26. With relay coil H ener 
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gized in the foregoing manner, contacts H-5 
(Fig. 22d) are opened and there is accordingly 
no circuit completed to JJ even though the LQ-8 
contacts are closed upon IQ reset. Accordingly, 
the usual computing initiating controls are not 
set up and dummy multiplying operations are slip 
pressed for rate cards. With such' rate card op 
erations it is desired to bring about reset of the 
ML receiving devices immediately following LQ 
reset. 
With relay coils H and KK energized, the pre 

viously traced circuit is established through con 
tacts H- and KK-2 (Fig. 22e) to energize the 
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2ML reset coil. This brings about ML, reset 

in the manner previously explained. It is also 
desired to suppress MP reset and also a reset of 
the cycle controller set-up unit CY. The reset 
circuit to 32 CY and 82 MP is established through 
either of contacts NN- or C-5. However, 
contacts G-5 are now open since there are cards 
in the machine and contacts AH-4 are open since 
Coll AH is energized. Contacts NN-7 are open 
since relay coil NN becomes deemergized when 
FC-O is opened in the master card feed cycle. 
Accordingly, no MP or CY unit resets occur. 
While there is an energization of relay coil, CA 
with this type of operation, this energization at 
this time is ineffective and of no consequence. 
The energization of reset relay coil 82 ML, causes 
closure of contacts ML-22 (Fig. 22d) to ener 
gize relay coll E and initiate a new card feed. 

During such card feed cycle reset relay coil 
32 RD (Fig. 22e) becomes energized upon closure 
Of contacts FC-l. Upon RD reset, contacts 
RD-1 (Fig. 22c) close and, as before explained, 
relay coils Zu, AAu, relay coils A (Fig. 22d) and 
AB become energized. With this type of opera 
tion relay coil SS is energized (Fig. 22d) as ex 
plained previously. Thus relay contacts SS-2 
are in shifted position. Accordingly, the circuit 
to the punch readout strip is broken, but a cir 
cuit is established direct to the punch magnet 
360. The card thereupon is skipped out by re 
peated energization of the punch magnet 3D 
under the control of the escapement contacts 
38 in the usual way. 
The card finally reaches the beyond the last 

column position, closing contacts P-5, energiz 
ing relay coil B and opening relay contacts B-3 
to thereby break the stick circuit for SS. With 
Card feed initiated by a reset of the M. devices 
as explained above, computing operations per 
taining to a following detail card take place in 
the usual way. With such operations it will be 
understood that the return circuit from the 
33MP accumulator magnets (Fig. 22e) is inter 
rupted, since both the AH-3 and the NN-6 con 
tacts are open. Furthermore, there is an ener 
gization of the Tt coil (Fig. 22c), since now the 
NN-5 contacts are closed. With coil ener 
gized, the Tit-2 contacts (Fig. 22a) are in shifted 
position affording an entry circuit to the ML 
receiving devices. 
On previous multiplying machines wherein 

rate card operations were effected there was a 
rather complex circuit arrangement for resetting 
the MP receiving device, particularly when the 
last card of a run had passed through the ma 
chine. With such previous machines under this 
condition it was arranged to reset the MP re 
ceiving device at the beginning of a new run. 
According to the present invention the machine 
is arranged to reset the MP receiving device upon 
the exhausting of cards in a run concurrently 
-with MI reset pertaining to the last card in the 
machine. Referring to the circuit diagram (Fig. 
22e) it will be noted that relay contacts G-5 are 
provided. Such contacts are normally open when 
a card is in the machine, but become closed when 
the last card of a run passes through the ma 
chine. Closure of such contacts affords current 
supply for coil 3.2MP and magnet 32 CY con 
currently with the supply of current to coi 
32ML. Therefore, the cycle controller set-up 
unit and the MP receiving device become reset 
along with the M. devices on such last card 
condition. 
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Checcing multiplying 

According to the present invention provision 
is made for checking multiplying operations. 
Such checking is effected by re-running the pre 
viously computed and punched cards through 
the machine and upon such re-run, the previ 
Ously recorded product is read from each card 
and entered into a supplemental (SP) accumu 
lating device. The MC and MP amounts are also 
read from the card and entered in reversed rela 
tion in the multiplicand and multiplier receiving 
devices. That is to say, the previous multiplier 
is entered as the nultiplicand and the previous 
multiplicand is entered as the multiplier. Fol 
lowing the entry operations (see Fig. 38) the 
complement of the amount of the previously 
recorded product is read out from the SP ac 
cumulator and entered into the LG accumulator. 
ML multiples are built up as previously described. 
Multiplying cycles then ensue and if the previ 
ously recorded product checks with the re-con 
puted product the Aa accumulator will even 
tually stand on zero. If such accumulator stands 
on zero this signifies that the re-calculation 
checks with the previously recorded product and 
the machine proceeds with the checking of a 
further card of the run. 
This in general explains the manner of check 

ing multiplying. A machine for checking multi 
plying computation in this general manner forms 
the subject matter of U. S. Patent No. 2,141,599. 
According to the present invention in lieu of 

using reversing wiring for reversing the entry 
relations of the multiplier and multiplicand, a 
further expedient is adopted, viz. On placing cards 
in the machine for a checking run, the cards are 
reversed end to end. By such reversal different 
sensing brushes come into play and it is possible 
to obtain a check which will take into account 
possible defective brush action or defective plug 
ging. 

It may be explained that special insertible plug 
slides are utilized for checking multiplying oper 
ations (see Fig. 25). In preparing the machine 
for a checking multiplying run the following plug 
connections are made. It will be understood that 
such plug connections can be pre-made on the 
insertible plug slides. Referring to Fig. 22, a 

0 plug connection is made between socket 364 and 
socket S.2. The other entry circuit plug connec 
tions are made according to Fig. 25 in which ref 
erence numerals are provided to accord with the 
circuit diagram showing. Referring to Fig. 22h 

55 with a plug connection established from socket 
to socket 32, relay coil AJ will be energized 

and maintained energized during all checking 
operations. With relay coll AJ energized, relay 
contacts Al-O will close and accordingly relay 

60 coil AS will also be energized during all check 

O 

s 

ing operations, 
Referring now to Fig. 22c in the previous de 

scription of a regular multiplying computation 
the manner of energizing relay coll Tt was de 
scribed. On a checking operation relay coil Tit 
is energized in the same manner as previously 
explained for regular multiplying, but in addition 
a circuit is completed through relay contacts 
NN-3 and AN-2 now in the position shown, 
through the AJ-9 contacts now closed, down 
through the contacts Nth- now in the position 
shown to energize relay coll St. The replace 
able plugboard affords plug connections between 
sockets STS (Fig. 22) and the sockets 309 (Fig. 
22e) pertaining to the field of the card contain 
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ing the previously recorded product. The pre 
viously recorded product is read from the card 
by the brushes and impulses flow to the sockets 
373 (Fig. 22g) thence through the non-shifted 
AN-7-0 contacts, through a group of wires 
generally designated 37 (see also Fig. 22c.) and 
thence through the now closed St-2 contacts 
through the now shifted AS-1-4 contacts and 
to the 33SP accumulator magnets. This will 
afford entry of the previously recorded product 
into the SP accumulator. Concurrently, with 
such entry operation the multiplicand amount is 
entered into the MP receiving device and the 
multiplier amount is entered into the MC devices, 

It will be understood that the plug connections 
utilized on checking have to take into account 
the end to end reversal of the card and a differ 
ent plug connection will be required to transmit 
an entry pertaining to any given order. That 
is to say, with the card reversed end to end, 
the units order of the card upon reversal be 
comes a higher order and the plugging connec 
tion has to be made accordingly. It is by this 
change of plug connections that previous plug 
ging and previous plug connections can be 
checked. 

In the second machine cycle of a card feed 
cycle, provision is made to transfer the amount 
standing in SP over to the LQ accumulator as 
a complement. Referring to Fig. 22d, energiza 
tion of relay coil AS will have closed contacts 
AS-2 and upon closure of can contacts XC-6, 
relay coil WW will become energized, the AN-T 
contacts being in the position shown. Energiza 
tion of WW will shift the WW-3-6 contacts 
(Fig. 22g) and the WW-2 contacts (Fig. 22c) 
to reverse position from that shown. The shift 
of the WW-2 contacts will have placed comple 
mental emitter 35 in circuit, the AT-9 contacts 
being in the position shown. Nines complemental 
impulses are emitted from the emitter 375 and 
such impulses flow through SPR, thence through 
the SP--4 contacts in the position shown, 
through the now shifted WW-3-6 contacts and 
the now shifted AJ-1-4 contacts to a group of 
lines generally designated 36 (see also Fig. 22h). 
From the lines 36 such impulses flow via lines 
designated 403 and 323 to the 33LQ accumu 
lator magnets on Fig. 22g. In this manner the 
nines complement of the amount standing in SP 
is transferred over to LQ. A 1 is entered into 
the units order of the IQ accumulator at the 
carry time in the cycle in the following manner. 
Upon closure of cam contacts CC-6 an impulse 
fiOWs through the AR-5 and AM-2 contacts 
now in the position shown, through the now 
closed WW-1 contacts, through the AJ-1 con 
tacts now in shifted position, over through the 
AV-2 contacts to the units order 33LQ magnet. 
Thus the true complement of the product amount 
stands in the units order of this accumulator. 
Possible carries may occur in higher orders to 
the left, this being effected by the usual electric 
transfer mechanism of the accumulator. On 
multiplying checking operations, as Soon as the 
amount has been transferred out of the SP ac 
cumulator, this accumulator can be reset to zero 
and the reset of such accumulator is utilized to 
initiate computing operations in place of having 
such initiation under the control of IQ reset as 
heretofore. On multiplying checking provision 
must also be made to suppress the LQ reset 
which would ordinarily occur to effect such Com 
puting initiation. 

Referring to Fig. 22e, the reset initiating cir 
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cuit as previously traced is through the B-2, 
the HH-2 and the D-2 contacts. However, with 
relay coil AS energized, the reset circuit to 32 Lee 
will be interrupted by the shift of the contacts 
AS-9. A reset circuit is established, however, 
to the 32 SP reset coil through the now closed 
contacts AS-0. 
The above circuit will suppress LQ reset and 

initiate SP reset. Energization of the 2SP re 
set relay coil as just explained will shift cons 
tacts SP-O (Fig. 22c.) to reverse position. Ac 
cordingly, a circuit will be established from line 
34 through the non-shifted WW-2 contacts, 
through the shifted SP-C contacts, to the 
nines complemental emitter. The impulses will 
flow through SPR, and the now shifted SP-- 
contacts, via a set of lines generally designated 
37 which extend over (see Fig. 22c.) to the 83SP 
accumulator magnets. This operation will set 
the SP accumulator wheels to an all 9 condition 
and following this an elusive 1 is added in the 
tens order by a circuit completed from wire 32 
through the SP-6 contacts, through the carry 
relay contacts AV-3, to the 33SP accumulator 
magnet in units order. The usual electric carry 
mechanism in the accumulator provides carries 
to the relatively higher orders to bring all of 
the wheels to an all zero position. 

In the description of regular multiplying oper 
ations, it was explained that relay coil JJ was 
the computing initiating relay. On regular mu 
tiplying such relay was energized upon LQ reset 
upon closure of contacts LQ-8. During check 
ing operations, in lieu of effecting energization 
of relay JJ by the circuit through LQ-8, the 
initiating circuit is now through the SP-7 con 
tacts and through the now shifted AS 
contacts. 

All of the various operations involved in regul 
lar multiplication such as the entries of multiples, 
the resets, the transfer over from one result 
accumulator to the other, etc., take place as 
before explained in regular multiplying. Ulti 
mately, the re-computed product will have been 
completely introduced into LQ. If such re 
computed product is the same as the product 
read from the record card and whose comple 
ment was introduced into LQ, the LQ accumu 
lator will be brought back to an all on Zero 
position. 

Provision is made to test the accumulator 
wheels of the IQ accumulator to ascertain 
whether all of the elements of such accumulator 
stand on zero or not. If such wheels stand on 
zero a new card feed cycle will be initiated. On 
the other hand, if any wheel or wheels do not 
stand on Zero there will be no initiation of a card 
feed cycle. Under this latter condition the oper 
ator Will be apprised that a card is incorrect and 
such card can be manually removed from the 
machine, 
Referring to Fig. 22h for checking multiplying, 

a plug connection will be made fron socket 38 
to a selected one of the sockets 379 depending 
upon the number of columns to be checked. 
Assuming all the LQ accumulator elements to 
stand on zero, a circuit will be completed from 
ground, from socket 378 through the plug con 
nection to the selected socket 879 and thence 
Via the brushes and Zero spots of one section of 
IQR out and through can contacts CC- 29 via 
wire 380 (see also Fig. 22d) to and through the 
now closed P-f contacts, through the E-2, con 
tacts now closed, through the JJ-2 contacts now 
closed, through the stop key contacts 303 to the 
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card feed clutch magnet 304 and back to line 
through the D- contacts. As in regular multi 
plying a branch circuit is effective to energize 
clutch magnet 32. This will re-initiate a new 
card feed. In the event that one or more of the 
elements of the LQ accumulator does not stand 
On zero, this circuit will not be completed and 
the operator will be apprised that an incorrect 
card must be removed from the card run. Upon 
removal of such card a new operation can be 
initiated by depression of a supplemental start 
key 38. It may be mentioned that on checking 
operations the AJ-2 contacts are normally in 
open position. 
While the LQ accumulator is brought back to 

a zero condition, if a check condition occurs, such 
accumulator will not be back at zero if a check 
condition is not obtained. Accordingly, for a 
non-checking condition provision must be made 
for resetting the LQ accumulator to zero before 
a new computation pertaining to a following card 
can be started. Since provision must be made 
for IQ reset on a non-check condition, for sim 
plicity of construction such LQ accumulator is 
reset both on a check condition and a non-check 
condition. Reset of this accumulator is timed 
so as to occur in the first machine cycle of the 
card feed cycle concurrently with RD reset. The 
circuit to the 32 RD reset relay coil is from the 
AK-5 contacts, through XC-9, through 32RD. 
On checking operations there is a branch circuit 
extending from the lower of the AK-5 contacts, 
through the non-shifted AK-4 contacts, through 
the now shifted AS-9 contacts, through the 
32 Lo reset relay coil. 
reset concurrently with RD reset. It seems un 
necessary to trace the resetting circuits for the 
actual effecting of 82 LQ reset as they are the 
same as previously traced. 
On checking multiplying operations it is de 

sirable to save time in passing the card out of 
the punch and to rapidly advance it to the eject 
position. 

Referring to Fig. 22c, on checking multiplying 
the contacts AS-5 will be open. Likewise, con 
tacts AS-6 (Fig. 22d) will be open and contacts 
AS-8 will be in shifted position. The shift of 
the latter contacts AS-8 will cut off the punch 
read-out strip. The opening of contacts AS-5 
Will prevent energization of Zu and AAu and the 
opening of contacts AS-6 (Fig. 22d) will pre 
vent energization of relay coil AB. However, 
relay coil. A will become energized upon closure 
of CC-4 when RD-7 close. Therefore, the lard 
will be advanced through the punch with no 
recording thereon at the successive columnar 
positions. d 

Regular dividing 

On regular dividing operations (see Fig. 39), 
the various ML devices are utilized to afford all 
nine digital multiples of the divisor. The divi 
dend amount is introduced into the RD accumu-, 
lator. The successive quotient digits as they are 
obtained are set up in LQ. The MP receiving 
device is not utilized on dividing. Likewise the 
SP receiving device is not utilized on regular 
dividing but such device is used in checking 
dividing. Generally, the method of division 
which is used involves the concurrent comparing 
of all of the available digital multiples of the 
divisor with a comparison portion of the divi 
dend on the dividend receiving device. By such 
comparison there is a determination of which 
is the largest multiple of the divisor which is 

This brings about LQ : 
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less than or equal to the comparison portion of 
the dividend. Having made such determination 
there is a selection of the corresponding quotient 
digit and such quotient digit is entered into the 
quotient receiving device LQ. Also the selected 
largest going multiple of the deviso is subtracted 
from the comparison portion of the dividend. 
Further operations then follow for another divi 
dend comparison operation and so on until the 
Computation is complete. 

It may be further explained that if none of 
the divisor multiples are contained in the com 
parison portion of the dividend which is being 
compared, there is a new comparison effected 
immediately with a newly selected comparison 
portion of the dividend and that there are no 
idle cycles taken up either with unnecessary sub 
tractions or for the introduction of a zero or 
Zeros in the quotient receiving device. 

Before explaining the detailed operation of 
the machine for dividing, it may be explained 
that to save calculating time on dividing, pro 
vision is made to shift the entry of significant 
divisor and dividend amounts to the left in their 
respective entry receiving devices. Such shift to 
the left is effected to as many columns as is 
possible. " 

It may be explained that the divisor itself is 
entered in M--2 as far to the left as pos 
sible, but in the other ML devices which receive 
entries of the divisor from the card there is one 
clear column of each receiving device at the ex 
treme left in Order to afford columnar capacity 
for building up operations. In the dividend re 
ceiving device the dividend entry is made as far 
to the left as possible. In order to determine 
the extent of shift of both the divisor and the 
dividend, provision is made for pre-sensing the 
divisor and dividend flelds of the card in a cycle 
preceding the actual entry cycle. 
Adjusting the machine for dividing operations 
When the machine is to be utilized for divid 

ing the insertible dividing plugboard of Fig. 26 is 
first properly plugged up or it may be pre-plugged 
for a typical computation and thereafter this 
plugboard is inserted in the plugboard unit. On 
Such insertible board there is a plug connection 
between socket 364 (Fig. 22h) and socket 382. 
With such plug connection established"relay coil 
AK becomes energized and such relay remains 
energized throughout all dividing computations. 
All of the various contacts controlled by relay coil 
AK shift to reverse position from that shown on 
the circuit diagram. 

Pre-sensing and entry shift controls 
Referring to Fig. 1a, the set-up relay units 

N-R and TT are provided, which in general con 
struction, are similar to the CYunit previously de 
scribed and shown in Fig. 17. In the N-R and 

units the tripping magnets are designated N 
and R with suitable suffixes indicating columnar 
order and in the TT unit the magnets are desig 
nated TT with suitable order sufixes. It will be 
understood that these magnets, N, R and TT are 
generally similar to the AD magnets of Fig. 17. 
Only the N-R, unit, however, is used in regular 
and rate dividing computations. 
The insertible plugboard affords plug connec 

tions between sockets 383 (Fig. 22g) and sockets 
367 (Fig. 22a) for the divisor field and other plug 
connections are provided between 384 and 367 
for the dividend field. 
With cards in the supply magazine, machine 
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operations are initiated by depressing the start 
key in generally the same manner as explained 
for regular multiplying operations. During the 
card feed cycle when the first card is brought to 
a position about to be traversed by brushes 308 
(Fig. 11) this first card will have traversed the 
advance pre-sensing brushes 37. The card will 
finally come to rest with such advance brushes 
on the "11' index point, but enroute to this point 
the brushes will have traversed the zero index 
point position of the card. During such transit 
the advance brushes pre-sense the presence of 
zeros to the left of the highest order significant 
digit of the amount in dividend and divisor fields. 

It will be assumed that the machine is per 
forming the division calculation of Fig. 39. With 
this particular calculation there is a zero to the 
left of the highest order significant digit, i. e., 8, 
in the dividend field. Accordingly, on transit of 
the card past the advance brushes a circuit is es 
tablished traced as follows: Line 30 (Fig. 22e), 
through the G- contacts now closed, via line 
369, through cam contacts FC-7 (Fig. 22a) 
which are closed at the time the zero index point 
of the card passes the pre-sensing brushes, 
thence to common conductor 30, through one of 
the brushes 37, through plug connection be 
tween socket 36 and the left hand socket 84 
(Fig. 22g) through the non-shifted AN-ff con 
tacts, to and through the Nth magnet and back 
to ground. It will be understood that if there was 
a zero or zeros before the highest order signifl 
cant digit in the divisor field one or more of the 
R. magnets would be energized. With the Nth 
magnet energized, the contacts controlled there 
by in the relay unit are tripped to reverse posi 
tion from that shown on the diagram. 
As in regular multiplying operations a further 

card feed cycle now ensues and the card is traw 
ersed past the main sensing brushes. The 
amount of the divisor is entered into the divisor 
multiple receiving devices ML, and the dividend is 
entered into the RD receiving device. 

For entry of the divisor amount the relay coil 
Tt becomes energized in the same manner as de 
scribed for regular multiplication. With such 
coil energized the T-2 contacts (Fig. 22a) close 
and permit entry of the divisor amount into the 
ML devices. The entry is substantially the 
same as the entry of the multiplicand amount in 
such devices for multiplication. 

It may be mentioned that with the problem 
under consideration (Fig. 39) there is no shift 
of the divisor on entry, but the machine provides 
for such shift of the divisor on entry. Assume, for 
example, that in place of 49 as the divisor that 
the divisor was 09. In this event magnet Rit 
(Fig. 22g) would be energized. With Rt ener 
gized contacts R2-1 (Fig. 22c) will be tripped 
to reverse position from that shown. Accord 
ingly, in place of energizing relay coil it relay 
coil Tit would be energized. Such relay energi 
zation would be during the card analyzing cycle. 
Now referring to Fig. 22a with relay coil Tu en 
ergized the Tu-2 contacts would be closed and 
if the entry circuit from these contacts be traced 
it will be noted that the 9 amount, in place of be 
ing routed to the units order SML--2 ac 
cumulator magnet, would be routed to the tens 
Order of such accumulator. The 9 likewise would 
also be routed to the tens order of the other mull 
tiple receiving accumulators which receive the 
amount direct from the card upon the entry 
cycle. 

Considering now he ent shift of the dividend 
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amount it has been previously explained that re 
lay coll Nith (Fig. 22g) was energized in the pre 
sensing cycle. Such relay when energized trips 
the Nth-f contacts (Fig. 22c.) to a reverse posi 
tion from that shown. On the cycle when the 
card is analyzed and the dividend entry is made 
a circuit is established from ground through the 
now closed G-2 contacts, through FC-, 
through either of the contacts NN-5 or AH-2, 
through the non-shifted NN-3 contacts and the 
AN-2 contacts, through the now closed AK-f 
contacts, to and through the tripped Nth- con 
tacts, through the non-tripped Nih- contacts to 
the Sh relay magnet and back to line 30. En 
ergization of Sh (Fig. 22c) will close the Sh-2 
contacts and will establish a shifted entry rela 
tion for the dividend entry between lines 374 
and lines 35a, which lines 35la (see Fig. 22g) 
utimately connect to the 35 lines which lead to 
the 33RD accumulator magnets. By reason of 
the column shift contacts Sh-2 (Fig. 22c) the 
dividend amount of 864 will be entered as far to 
the left as possible in the RD accumulator. 
Summarizing, the foregoing includes a column 

shift arrangement between the lines coming 
from the reading brushes through the plugboard 
and the lines which lead to the RD accumulator. 
Selective column shift will be effected according 
to the number of zeros preceding the highest 
order significant digit. For example, if in place 
of one Zero there were two Zeros preceding the 
highest order significant digit of the dividend 
there would be a further column shift, this be 
ing effected by closure of the St-2 group of con 
tacts. 
At this point it may be explained that it is 

necessary to retain a set up which corresponds 
to the entry column shift control for controlling 
final recording operations after the division cal 
culation is complete. Such set up is retained on 

Relay 
coil Shi was energized and with such coil en 
ergized there will be an energization of Wh which 
relay is retained energized for controlling shift 
back upon recording. Likewise relay coll Tt was 
energized so there is a corresponding energiza 
tion of W which relay is retained energized for 
controlling recording. 

Referring to Fig. 22c before contacts FC - 
open a circuit is established from ground through 
the XC-4 contacts, the AN-9, AL-4, AM-5 
contacts in the position shown, through the now 
closed S- contacts, through the AR-T con 
tacts in nonshifted position, through the Wh re 
lay coil, through the AR-3 contacts in the po 
sition shown, through the now closed AK-10 
contacts and back to line 30. This will energize 
relay coil Wh and such coil, upon being energized, 
closes its stick contacts. Wh-f, the return circuit 
being completed to ground through can contacts 
FC- now closed. A branch circuit also extends 
through the now closed T- contacts, through 
the non-shifted AN-5 contacts to and through 
the Wit relay coil and back to line through the 
non-shifted AN-2 contacts and the now closed 
A-O contacts to line 30. Relay coil Wt once 
energized is maintained energized through the 
stick contacts. Wit- and the return circuit ex 
tends through the non-shifted AL-5 contacts 
and FC-5 can contacts to ground. 
After the foregoing operations are effected and 

during the following machine cycles which ensue, 
multiples of the divisior amount are built up on 
the various MDL devices and since this build-up 
is effected exactly in the same manner as for 
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regular multiplying it need not be described in 
detail. V 

it should be mentioned that during the second 
half of a card feed cycle there is a reset of the 
N-R set-up unit. Late in the first half of the 
card feed cycle can contacts XC-5 close (Fig. 
22d) and a circuit is completed from ground 
through relay contacts AN-20 and AL-3, now 
in position shown, through the reset clutch mag 
net 32 N-R, through the now closed AK-25 
contacts to line 30. Energization of 82N-R 
releases the one revolution clutch (see Flg. la) 
so that any previously tripped. N- and R 
contacts may be latched up in order that they 
may again be tripped near the end of the card 
feed cycle when pre-sensing of a following record 
card is effected. 
On multiplying operations the 2G reset 

relay was energized to initiate computing opera 
tions under the control of can contacts CC-2, 
through a circuit fully traced. On dividing cal 
culations relay coil AK is energized. According 
ly, the circuit to 32 A is from the CC-8 can 
contacts, through the now shifted A- con 
tacts and through the circuit previously traced 
for multiplying operations down to and through 
the 32 LQ reset relay coil. With 32 LQ en 
ergized, reset of LQ occurs in the same manner 
as explained for multiplying. Such reset brings 
about energization of the computing initiating 
coll JJ (Fig. 22d) in the manner previously ex 
plained. Also upon LQ reset the LQ-2 contacts 
(Fig. 22f) are closed. Accordingly, inasmuch as 
the machine is set for dividing and contacts 
AK- are closed, current will be supplied 
through cam contacts CC-7, through AK-7, 
through LQ-2 to the divisor reset coils 
2-AZ in the comparing units (see Fig. 14). 

This will release all of the divisor side sectors 
and allow them to be restored so as to be in posi 
tion to receive a setting of the divisor multiples 
thereon. 
The machine is now ready to compare the 

comparison portion of the dividend with all of 
the divisor multiples. In general this is effected 
by reading out a. Comparison portion of the div 
idend from the RDR device, setting such por 
tion of the dividend up on one side of all sections 
of the comparing units and at the same thme 
reading out from the multiple readouts the vari 
ous divisior multiples, each of which multiples 
becomes set up on One section on the other side 
of the comparing units. This operation will now 
be traced on the circuit diagram. 

It will be recalled that during multiplying 
operations the comparing units CU were not in 
operation. In dividing computations, however, 
such units are placed in operation. This is ef 
fected by maintaining energized the clutch mag 
net 82, (Pigs. 1a and 22d). The circuit for en 
ergizing clutch magnet 342 is completed from 
line Of through the closed AK-25 contacts, 
through 42 and to ground. The maintained en 
ergization of 342 releases a One revolution clutch 
to place the drive shafts 9 and 9 of the Cu 
units (Fig. d) in timed operation with shaft Be. 
A comparing cycle is initiated by the ener 

gization of relay coil IL (Fig. 22f) which be 
cones energized in the following manner. As 
previously explained, the computing initiating 
relay JJ was energized upon LQ reset. Energiza 
tion of such relay closed contacts JJ-3 (Fig. 
22f). A circuit is completed from line 80 (Fig. 
22f) through the now shifted AK-9 contacts, 
through the CC-9 contacts, and through all of 
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the B-C-, -Cu-, etc., transfer contacts 
now in the position shown and finally through 
the 0-Cu-f contacts, through the JJ-3 Con 
tacts now closed, through the IL, relay coil and 
back to ground. LL once energized is provided 
with a stick circuit extending back to line of 
through stick contacts L,L- and can contacts 
CC-8. After the foregoing stick circuit is es 
tablished cam contacts CC-4 close and estab 
lish a circuit through the non-shifted H-2 con 
tacts to energize magnet 80SB of the SB step 
ping switch. With magnet 340SB energized the 
switch arms SB of this relay (Fig. 22f, top) are 
stepped to the first contact position. 

Shortly after the switch arms of the stepping 
relay have advanced to this position, a circuit is 
completed from line 30, through the H-4 con 
tacts now closed, through can contacts CC-8, 
through the switch arm of the stepping relay, 
through the CSa column shift relay, coll and back 
to ground. Another circuit is established through 
the CC- contacts, through the IL-2 contacts 
now closed, through the stepping relay switch 
arm, through the BB relay coil and back to 
ground. A branch circuit is also established to 
energize relay coil DD. With coils BB and OD 
energized, they are maintained energized by their 
respective stick contacts BB-29 and DD-, the 
stick circuit extending back to line through can 
contacts CC-0. 

It may be explained that column shift relay 
CSa and relay coll DO cooperate to control the 
readout of the dividend comparison portion from 
ROR and contacts BB are utilized to control the 
readout of the various divisor multiples from the 
MLR readout devices. 
The manner in which a comparison portion of 

the dividend is set up on the comparing units 
will now be described. It will be understood that 
the comparison portion of the dividend includes 
a selected number of columns. The number of 
columns selected is determined by the CSa relay. 
Referring to Fig. 22c a circuit is completed from 
line 30, via wire 347 (see also Fig. 22g) to and 
through the now shifted DD-9 contacts, to an 
add emitter 348. With such emitter in circuit, 
impulses are emitted through ROR, through the 
non-shifted RD-f- contacts, via a set of lines 
8, through the now shifted DD-6-8 contacts, 
through the now closed CSa-l-2 contacts, via 
lines 388, through the shifted DD-2-4 contacts, 
via lines 8 (see also Fig. 22c) and to the divi 
dend side comparing magnets generally desig 
nated -AW, 2-AW, etc. 

It will be understood that the comparison por 
tion of the dividend is set up in multiple in the 
comparing units, that is to say, there are nine 
identical set-ups, of the comparison portion of 
the dividend in order that there can be compar 
ing between each set-up and nine different di 
visor multiples. In the typical problem under 
consideration, the comparison portion of the divi 
dend which was so set up is the amount of 86 
(see Fig. 39). The set-up of the multiples of the 
divisor on the other side of the comparing unit 
sections will now be described, 

It has been previously explained how relay coil 
BB (Fig. 22f) becomes energized. With such re 
lay coil energized all of the contacts BB---27 
(Fig. 22b) become closed. In addition the 
BB-2 contacts shift to a reverse position. Add 
emitter 84 will be placed in circuit in the foll 
lowing manner: From line of to the non-shifted 
MM-f contacts, through the shifted BB-28 con 
tacts, through the non-shifted AM-4 and 
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ML-9 contacts to the add emitter 3 4. Such 
add emitter will emit impulses to and through 
all of the MLR readout devices and the multiple 
amounts available on such readouts will be in 
dividually transmitted through the now closed 
BB-t-2 contacts, to the various divisor mul 
tiple comparing magnets -AZ, 2-AZ, 3-AZ, 
etc. It will be understood that the divisor mul 
tiple side of the comparing units will receive 
Settings of the different divisor multiples. The 
Comparing units operate in the manner previous 
ly explained to make Suitable settings of the 
brushes upon the comparing commutators. 

Having entered both the dividend comparison 
portion in a multiple manner into the comparing 
units and having entered the various multiples 
of the divisor in the other side of such compar 
ing units the brush devices of the comparing 
units receive their settings, in the manner pre 
viously explained, to indicate a greater than, an 
equal to or a less than condition. As shown in 
Fig. 22c, the comparing unit connutators are in 
sections, one section being provided for each mul 
tiple, 

Referring to Fig. 22c top, it will be noted that 
the comparing unit commutators are shown as 
Sectionalized one for each multiple. For each 
Section there is an associated relay coil such as 
9-CU for a 9 multiple, an 8-CU for an 8 mull 
tiple and So on. The brush action of the compar 
ing devices is adapted to prevent energization of 
all magnets relating to multiples which are high 
er than the comparison portion of the dividend 
and to permit energization of magnets related to 
multiples equal to or less than the comparison 
portion of the dividend. 
With the problem of Fig. 39, the only magnet 

which will be energized is relay magnet -CU. 
The circuit energizing this magnet is from line 
30 (Fig. 22g), via wire 888 (see also Fig. 22c), 
through cam contacts CC-2, relay contacts 
DD-22 now closed, through the commutator as 
sociated with -CU, through contacts AM-8 in 
non-shifted position, through. -CU and back to 
ground. At this point it may be explained that 
if the 4 multiple was the selected multiple, the 
4-CU coil, the 3-CU coil, the 2-CU coil and 
the f-CU coil would be energized and all higher 
number magnets above -CU would not be en 
ergized. 

It may be explained that on a comparing cycle 
which takes a single machine cycle the set-up 
of the comparison portion of the dividend and of 
all the divisor multiples is made during the first 
portion of the comparing cycle. Immediately 
after the set-up is made and in the same machine 
cycle testing is effected. All testing is done con 
currently for all multiples. 

Referring now to Fig. 22f the energization of 
relay coil - CU will have shifted relay contacts 
-CU- to reverse position from that shown 
and upon closure of CC-9, current flows through 
contacts -CU-t, to and through the l-X 
multiple selecting relay and through the MM re 
lay to ground. The multiple selecting relay f-X 
is maintained energized through stick contacts 
-X-, the stick circuit extending back to line 
through CC-5. It may be mentioned that this 
-X relay coil is energized in One cycle just after 
the commutator test is made and that such relay 
is maintained energized through a portion of the 
next cycle to select the 1 multiple which is to be 
read out from the MLR- device and which 
multiple is to be subtracted from the dividend 
comparison portion of the divisor. The -X 
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multiple selecting relay also selects a related 
quotient digit for entry into the quotient receiv 
ing device LQ. Relay coil MM is maintained 
energized as long as the t-X coil is maintained 
energized, being in circuit there with. 

Previously when subtractive entries were made 
for resetting purposes the elusive which was 
introduced into the accumulator to bring the all 
9 Setting of the accumulator wheels to a zero set 
ting was introduced after the complementary 
entry. In subtracting the divisor multiple, how 
ever, the elusive 1 entry is made during a com 
paring cycle. In this connection it is to be noted 
that such elusive 1 is only introduced into the 
RD accumulator in the event that a nultiple is 
to be subtractively introduced into such accumu 
lator in the following cycle. If no such multiple 
is to be introduced the entry of such elusive 1 in 
the Comparing cycle is Suppressed. 
At the carry time in the comparing cycle, the 

carry impulse flows from line 324 (Fig. 22g) 
through the now closed MM-2 contacts, through 
the AK-2 contacts, now in shifted position, 
through the CSat-3 contacts now in shifted posi 
tion, to and through the 33RD accumulator 
magnet in the hundreds order. It may be ex 
plained that the order in which such entry is 
made is selected under control of coil CSI, in 
this instance, by the CSa-3 contacts. Such 
carry impulse for subsequent steps of the compu 
tation will be introduced into other orders. 

It has been explained that if there was no go 
ing multiple for any given comparison portion 
of the dividend that no elusive 1 entry would be 
made. Such entry is suppressed because of the 
fact that, in the event that no going multiple is 
found on test none of the X magnets will be en 
ergized because none of the 0-CU, -CU to 
9- CU relays will be energized. With no X coil 
energized there will be no energization of coil 
MMI and accordingly with MM de-energized the 
MM-2 contacts will remain open and no elusive 
1 entry can be effected. On a comparing cycle 
with a relay coil such as -CU energized, the 
energizing circuit to coil LL (Fig. 22.f) will be 
interrupted, since a shift of contacts -CU 
cut of the circuit. 

Unless LL is energized it is impossible to ener 
gize the stepping switch magnet SB. All of the 
SB Switch arms remain on their first contact 
position and inasmuch as contacts LL-2 are 
open, even though can contacts CC- close, 
there will be no energization of either BB or DD, 
However, relay coil CSa will be energized again 
under the control of CC-8 on the next machine 
cycle following the above described comparing 
cycle. Accordingly, the CSa-2 contacts (Fig. 
22g) will be again closed on the following ma 
chine cycle after the comparing cycle. In such 
cycle, the relay MM is maintained energized as 
explained before. Accordingly, relay contacts 
MM - (Fig. 22b) will shift to reverse position 
from that shown and a circuit will be established 
from line through the MM-1 contacts in shifted 
position to the subtract emitter 3. 
Such emitter will enit nines complemental in 

pulses through the MLR- readout only. Im 
pulses flow out of this readout, through the 
--X-2-4 contacts which are maintained closed 
by the energization of 1-X during this cycle. 
Nines complementary impulses representative of 
the nines complemental of 49, i. e., 50, flow Over 
the lines 333 (Figs. 22b, 22f and 22g), through 
the contacts DD-2-4, in the position shown, 
over, the lines 386, through the now closed 
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Csaf-2 contacts, through the non-shifted 
OD-B contacts and into the proper columnar 
orders of the RD accumulator energizing the 
proper of the 3 8RD magnets. This operation 
will deduct the amount of 49 from the amount of 
86, the comparison portion of the dividend in 
this accumulator (see Fig. 39). It will be re 
called that the elusive 1 entry into this accumu 
lator has been previously made and that the 
regular transfer mechanism of the accumulator 
will provide for transfer to higher orders when 
required. 

Entry of quotient digit 

With the multiple selecting relay coil -X 
energized a supplemental contact -X-5 (Fig. 
22g) will be closed. The DD-9, the AM-2 and 
the RD-6 contacts are now in the position shown 
and accordingly add emitter 848 is in circuit. 
A "1" impulse is emitted through the 1 bus of 
RDR, through the now closed -X-5 contact, 
through the AK-22 and CSa-4 contacts now 
closed, through ZZ-2 contact in the position 
shown, to the left hand accumulator magnet of 
LQ. This will enter the quotient digit of 1 in 
such accumulator. 
On the quotient entering and subtracting cycle, 

inasmuch as the DD relay coil was not energized, 
contacts DD-22 (Fig. 22c) are in open position. 
Accordingly, even if CC-2 contacts close there 
will be no energization of any of the CU relays. 
Accordingly with none of such colls energized 
the -CU--, the -CU-, etc., contacts of 
Fig. 22f remain in the position shown and upon 
closure of CC-9 current supply is afforded 
through the JJ-3 contacts to energize relay coil 
LI. Relay coil LL when energized will close 
its stick contacts as before described and there 
will be another energization of stepping relay 
col (OSB under the control of contacts CC-4. 
Accordingly, switch arms of SB will step to the 
second contact position. After comparison is 
made with one dividend comparison portion at 
the time the multiple selecting relays are ener 
gized under control of contacts CC-9 a supple 
mental circuit is established through coils 32 
AW to ground. These coils are the reset coils 
of the comparing unit pertaining to the compari 
son portion of the dividend (see Fig. 14). With 
such coils energized the dividend Comparison side 
of the comparing units becomes restored so that 
a new dividend comparison portion can be in 
troduced therein. It will be understood that the 
divisor multiple side of the comparing unit re 
tains the divisor multiples during all deducting 
and quotient entering operations. 

Referring to Fig. 39, the RD accumulator now 
has standing in it the remainder amount of 3740. 
There is now to be another comparison operation 
and with such comparison operation there is a 
different comparison portion of the dividend 
which is selected for comparison. In Fig. 39 
it will be noted that the first comparison which 
has been previously described pertains to the 
two extreme left-hand orders of the dividend and 
the second comparison pertains to the next three 
orders. There must, accordingly, be a column 
shift to take a different comparison portion of 
the dividend from the RO receiving device. 

It has been previously explained how the SB 
stepping switch was brought to the second con 
tact position. It was also explained that the 
relay coil IL was energized. With relay coil 

energized relay contacts -2 (Fig. 22.f) are 
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closed and accordingly upon closure of can Con 
tacts CC- a circuit is completed through a 
switch arm of the stepping switch to energize 
relay coil. DD. It will be noted that there is no 
energization of relay coil BB because the second 
contact of the stepping switch and those there 
after are not wired in circuit to relay coil B.B. 
Accordingly, at this time there is no energiza 
tion of relay coil B.B. With relay coil DD ener 
gized, it is maintained energized in the customary 
manner and following its energization can con 
tacts CC-8 close and a circuit is established to 
energize column shift coll CSb. It will be noted 
that relay coil CSa is not now energized since the 
switch arm of the stepping switch is in the Sec 
ond contact position and out of circuit with CSa. 
With the coil CSE and relay coll DD energized, 
their associated contacts shift to a reverse posi 
tion from that shown in the circuit diagram. 

Referring to Fig. 22g with coll CSb energized, 
contacts CSb-i-3 close and there is a new read 
out relation established with RDR. The read 
out relation is now such that the three left hand 
columns of RDR are selected for readout and 
for controlling the entry into the dividend side 
of the comparing units. The entry circuit will 
now be traced. From line 34 (Figs, 22c and 
22g), through the DD-9 contacts now shifted, 
to the add emitter 348, from the add emitter 
impulses are emitted through the three left hand 
columns of RDR, through the contacts RD-1-3 
in the position shown, to lines 385, thence through 
the DD-5-7 and AK-8-20 contacts now 
shifted, through the closed CSb-l-3 contacts, 
through the shifted AK-15-7 contacts, lines 
386, thence through the now shifted DD-2- 
contacts, to lines 387, thence to Fig. 22c and to 
the various -AW, 2-AW, etc., comparing unit 
magnets. This operation will have set up the 
new comparison portion of the dividend, viz. 
374 in the various comparing units. 

It will be recalled that the divisor multiples 
still remain set up in the divisor side of the con 
parison units. There is then a further compari 
son effected and the comparison commutators 
and circuits of the comparing unit bring about 
an energization of all of the CU colls from I-CU 
up to and including 7-CU but leaves coils 8-CU 
and g- CU de-energized. With the -CU con 
parison relay coil energized, the related relay 
coil - X (Fig. 22.f) becomes energized under 
the control of CC-9, over the circuit previously 
described, but which in this instance, is con 
pleted through the now shifted T-CU-con 
tacts to the multiple selecting relay T-X. When 
relay coil T-X is energized relay coil MM like 
wise becomes energized in the manner previously 
explained. Both 7-X and MM are held ener 
gized through the T-X-1 stick contacts. 
In the comparing cycle and at the carry time 

in such cycle, provision is made for introducing 
an elusive 1 into the RD accumulater in the 
third order from the left. Such elusive 1 entiv 
is made generally in the manner previously ex 
plained except that at this time the CSb-4 (Fig. 
22g) contacts are in shifted position due to the 
energization of CSb. With relay coil MiM ener 
gized, the MM-2 contacts are closed and a cir 
cuit is completed from line 32 at the carry time, 
through MM-2, through the now shifted AK-38 
contacts, through the now shifted CSb-4 con 
tacts, down to and through the tens order 33RD 
accumulator magnet. This will enter the elusive 
1 in such order. On the following cycle the 
divisor multiple is entered subtractively into the 
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RD accumulator and the 7 quotient digit is en 
tered into the proper columnar order of LQ. 

Referring to Fig. 22b energization of the 7-X 
multiple selecting relay coil, brought about as 
previously explained, will close the T-X-2-4 
contacts. The energization of relay coil MMI will 
shift MM-f contacts to reverse position and 
place the nines complementary emitter 844 in 
circuit with line 30. Nines complementary im 
pulses flow from the 344 emitter, through the 
MLR-7 readout, out through the 7-X-2- 
contacts to the lines 333 (see also Figs. 22f and 
22g), through the non-shifted DD-2-4 contacts 
(DD having now become de-energized), through 
the shifted AK-5-7 contacts, through the 
Shifted CSb-i-3 contacts, CSb having been re 
energized in such cycle since the stepping relay 
SB remains on the two contact position, through 
the AK-8-20 contacts now shifted, through 
the DD-5-7 contacts in the position shown, to 
lines 35, to the three left hand accumulator 
magnets of the RD accumulator. This will enter 
the nines complement of the 7 multiple of the 
divisor into such accumulator. Concurrently 
With the foregoing deducting operation the 7 
quotient digit is entered into R.D. The ener 
gization of relay coil 7-X will have closed con 
tacts T-X-5 (Fig. 22g). Add emitter 348 will 
now be in a circuit which extends through the 
DD-9, AM-2, and the RD-6 contacts in the 
position shown. A current impulse will be emit 
ted from the spot of the add emitter 348 to and 
through the RDR readout and through the closed 
-X-5 contacts, through the AK-22, the 
CSb-5, and the AK-2 contacts now closed, 
down to the hundreds order of accumulator mag 
net of the LQ accumulator. This will enter the 7 
quotient digit in such order of this accumulator. 

Referring to Fig. 39, it will be noted that in 
the typical computation there illustrated, there 
Was a half entry of 5 in the third from the left 
quotient place. It will be assumed that the cal 
culation being effected does not involve such half 
entry. The computation then is completed and 
termination of the computation is to be con 
trolled by the place limiting device which is pro 
vided for this purpose. 

Place limiting device 
Referring to Fig. 22f, the insertible plugboard 

will have provided a plug connection from socket 
389 to the second socket 390 from the left. The 
Second socket from the left is plugged up because 
the computation is to be carried to two quotient 
places. If the computation was to be carried to 
further quotient places the third or fourth socket 
390 from the left would be plugged up. During 
the multiple deducting cycle just described, re 
lay coil DD will be de-energized and accordingly 
the DD-22 contacts (Fig. 22c.) remain in open 
position. There will accordingly be no energiza 
tion of any of the CU relay coils. With none of 
such relay coils energized, the 0-CU - to 
9-CU- contacts (Fig. 22.f) will remain in the 
position shown so that upon closure of cam con 
tacts CC-9, relay coil LL will become energized. 
With such relay coll LL energized, the relay con 
tacts IL-3 will be closed and upon closure of 
CC-7, the circuit will be completed through 
LL-3, through the switch arm of the stepping 
Switch now still in the second contact position, 
through the J-4 contacts in the position shown, 
through the plug connection from socket 390 to 
socket 389 to energize relay coil H. H. being en 
ergized, closes its stick contacts H- and the 
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2,328,810 
stick circuit is completed back to line through 
the AK-37 contacts now in shifted position and 
through the RD- contacts which are in the 
position shown, to line 30. 
The energization of relay coil H will have 

shifted relay contacts H-2 to a reverse position 
from that shown at a time prior to the closure 
of can contacts CC-4. Accordingly, with such 
CC-4 contacts closed, a circuit is completed 
through the stick contacts of LL - of II, 
through the CC-4 contacts, to the release mag 
net 34 SB of the stepping switch. With this op 
eration, due to the shift of contacts H-2, the 
stepping switch magnet 340SB will be out of cir 
cuit. Energization of the 34 fSB release magnet 
Will release the stepping switch and allow it to 
return to normal home position, i. e., the position 
shown in the circuit diagram. It may be men 
tioned that no circuits are inadvertently estab 
lished by the Switch arms on SB on restoration 
because on restoration the H-4 relay contacts 
are in open position. The foregoing restoration 
of the stepping Switch and opening of contacts 
H-4 terminates further energization of the CS 
magnets, the BB or the DD magnets. 
The machine has now reached the stage in its 

Operation in which it is ready to record the quo 
tient upon the record. The various ML multiple 
receiving accumulators can now be reset and the 
RD device can also be reset. Before recording is 
effected there must be a change in the readout 
relation between LQR and the punch, according 
to the entry shift which was previously made 
upon entry of the divisor and dividend amounts. 
Reset of the ML devices is brought about in the 
following manner. Energization of relay coil H 
(Fig. 22.f) in the manner previously explained will 
have caused closure of relay contacts H-3 (Fig. 
22e). Upon closure of CC-3, a circuit is estab 
lished fron line 30, through the AK-1 contacts 
now in shifted position, through contacts H-3 
and AK-2 now closed, to line 337. 

Line 337 ultimately extends to Fig. 22h and the 
circuit from such line is completed through the 
now closed J-2 contacts, through the switch 
arm of the stepping switch SE now in the posi 
tion shown, back to line 338 which ultimately ex 
tends to Fig. 22e. From line 338, the circuit is 
completed through the now closed G-3 contacts, 
to and through the 32 ML, reset relay coil to 
ground. A branch circuit is also completed from 
line 338 to the AE-5 contacts now in the posi 
tion shown, through the AK-5 contacts now 
shifted, through the XC-9 can contacts, to and 
through the 32 RD reset relay coil and back to 
ground. Energization of 32ML and the 32 RD 
reset coils will bring about electric reset of the 
Corresponding accumulators. The detailed reset 
circuits will not be traced as these have been 
previously traced. The energization of the 32 RD 
relay also serves to deenergize the computing 
initiating relay coil JJ as follows: Opening of 
contacts RD-9 (Fig. 22d) breaks the stick cir 
cuit for coll JJ, which stick circuit extends to the 
now shifted AK-24 contacts. Actual de-ener 
gization of coll JJ is timed by the CC-18 cam 
contacts following the opening of RD-9. 

It will be recalled that upon multiplying oper 
ations relay coils AAu and Zu were only en 
ergized just prior to recording. On dividing op 
erations however, due to a shift in the entry 
of the divisor and dividend there must be a 
Selected energization of the Z and AA coils. With 
the computation under consideration the coils 
which will be energized on dividing are AAt and 
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Zh. The selected energization of the Z and AA 
coils is brought about under control of the pre 
sensing control, which pre-sensing control it will 
be recalled, has effected certain selected ener 
gization of W and W relay coils, viz., the Wit and 
Wh, relay coils in the example under considera 
tion. 
The energization of 32 RD (Fig. 22e) brought 

about as previously explained, will have caused 
closure of contacts RD-1 (Fig. 22c.). Upon clo 
sure of can contacts CC-4, the circuit is estab 
lished through the now closed RD-7 contacts, 
through the AE- contacts, through the AS-5 
contacts, through either of the AT-6 or AK 

contacts, through the Wit-2 contacts to 
energize relay coll AAt. There is also an en 
ergizing circuit for relay coil Zh through the 
Wh-2 contacts. It will be recalled that relay 
colls Wh and Wt will have been energized under 
the presensing control previously described to 
bring about closure of Wh-2 and Wit-2. A 
branch circuit is also completed through RD-7, 
AE-6, to line 352, which circuit extends to Fig. 
22d and brings about energization of relay coils 
A and AB in the manner previously explained. 

All of the relay coils A, AB, AAt, Zh will be 
maintained energized through the A- stick con 
tacts, the circuit extending back to line through 
the IQ- contacts, the AS-7 contacts in the 
position shown, to ground. 

Referring to Fig. 22h, it will be noted that there 
is a column shifting arrangement intermediate 
plug sockets 3S, which are sockets which are 
connected to the punch readout strip sockets 

(Fig. 22d) and LQR (Fig. 22h). Such column 
shifting arrangement is provided by the multi 
contacts controlled by the various Z relays and 
the AA relays. The AA relays are selectively 
energized according to the entry shift of the 
divisor upon entry and the Z relay coils are selec 
tively energized according to the entry shift of the 
dividend upon entry. With relay coils AA and 
2 energized, there will be a closure of the related 
contacts AA-f- and 2-d- and the closure 
of these contacts in combination will establish a 
readout relation between AsR and the sockets 
35 so that there will be a punching not in the 
extreme left hand field of the record card, but 
in a field shifted two columns to the right from 
the extreme left hand field. 

It will be assumed that all of the seven sockets 
labeled 55 (Fig. 22h bottom) are connected to 
sockets 86 (Fig. 22d). If the circuits from the 
two left hand sockets of the 355 group and the 
extreme right hand 355 sockets are traced it will 
be found that their circuit extends back to a line 
39, which line connects to a line 892 and that 
this circuit is completed back to line 30, through 
the now closed AB- and AB-2 contacts to and 
through the zero interposer magnet 35. This 
will provide for punching zeros on the record card 
in columns of the quotient fleld not controlled by 
AR. 
Now referring to the third socket from the left 

of the SSS group, it will be noted that this circuit 
is completed through the AA-2 contacts, 
through the Zh- contacts, to a line which ex 
tends up to the thousands order of AR. Inas 
much as the brush in this order is standing upon 
1, the one punch selecting interposer magnet 
3S3 will be energised during the punching opera 
tion. If the line from the fourth socket from the 
left of the SSS sockets be traced, it will be noted 
that this circuit is completed through the AA 
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the non-shifted GG-d contacts to the hundreds 
order of LQR. In this order, the brush is stand 
ing on the spot so that the line will be com 
pleted through AB-9 contact to and through the 
seven interposer magnet 33. 

Referring now to the two sockets 55, which 
are in the second and third columns from the 
right of the group, it will be noted that circuits 
are completed through AA-5-6 and Zht-8- 
through the non-shifted FE- and EE- con 
tacts to the tens and units orders of LGR. The 
brushes in these orders stand at zero, therefore 
there will be a circuit completed from both orders 
back to the Zero interposer punch selecting mag 
net 353. 
The law of operation which the present ma 

chine has for controlling shift back upon record 
ing may be expressed by the following formula: 
The number of columns in which the quotient 
amount is shifted back to the right upon final 
recording is determined by the following: 
SDD-- (SpR-SDR), where SDD=The number of 

positions, the dividend (DD) is shifted to the 
left upon entry. 
This amount of shift may also be taken to be 

the maximum number of dividend places avail 
able in RD less the actual number of dividend 
places in the divided amount and where SDR 
equals the maximum number of available divisor 
places in the divisor entry receiving divisor minus 
one and where SDR equals the number of col 
umns, the divisor is shifted to the left upon entry. 
This number of columns may also be taken to 
be the number of columns the actual divisor is 
less than the maximum number of available 
places in the ML entry receiving devices, 

Substituting the above values in the formula, 
We have 1--1-0=2, which is the number of 
places that the quotient is shifted back to the 
right upon final recording under the pre-sensing 
control. 
The foregoing description has explained the 

circuits for selectively reading out amounts to 
the punch on final recording. Punching occurs 
successively column by column in the usual way, 
the control circuits being those traced in detail 
for result recording or multiplying, but it may be 
mentioned that the return circuit from any plug 
socket S is via the punch readout brush to the 
common strip of the readout, thence via wire 35 
(Fig. 22d), through the the SS-2 contacts, the 
AS-9 contacts, the usual escapement contacts 

of the punch, through the stick contacts A 
and thence back to ground. The energization of 
any interposer magnets 53 (Fig. 22h) closes the 
interposer controlled punch magnet contacts 359 
(Fig. 227) and energizes the punch magnet 360 in 
the usual manner. Punching then proceeds in 
the usual way column by column and eventually 
the card reaches the beyond last column position 
and closes P-5 energizing coil B. Energization 
of B closes contacts B- and energizes the eject 
magnet f of the punch. Card eject then oc 
curs and contacts P- and P-4 become closed 
to condition control circuits for a succeeding com 
putation. 

It may be explained that with the present en 
bodiment punching operations occur during a cy 
cle in which not only the reset of the M and the 
RD devices is effected, but also during a cycle in 
which card feed of a succeeding card is effected. 
In this way operating time is saved since record 
ing operations are overlapped with resetting and 

contacts, through the 2- contacts, through 75 card feeding operations. Heretofore in dividung 
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machines such an overlap has not been attained. 
Such overlap is afforded with the instant ar 
rangement because of the fact that the quotient 
is contained in the LQ accumulator which re 
ceives no entry from the card on a card handling 
operation. Furthermore, such LQ accumulator 
can be subsequently reset after controlling quo 
tient punching. 
Card feed of a new card is brought about in 

the cycle which immediately follows the ML and 
RD reset cycle and such card feeding operation 
is initiated during the ML and RD reset cycle 
in the following manner. Upon energization of 
32 RD (Fig. 22e) contacts RD-8 (Fig. 22d) close 
and upon closure of cam contacts CC-20 a cir 
cuit is completed through RD-8, XC-O, 
AK-23 in shifted position, to and through relay 
coil E. Coil E is maintained energized by a stick 
circuit previously described through E- and 
FC-2. Energization of relay coil E closes relay 
contacts E-2 to condition the circuit for subse 
quent energization of card feed clutch magnet 
304 and the XC clutch magnet 3 2. Energization 
of these two magnets occurs upon closure of cam 
contacts CC-29 (Fig. 22h) which complete a cir 
cuit in the manner previously explained. 
Inasmuch as a new computation is to follow, 

provision is made to de-energize the previously 

0 

5 

energized shift control relays W and W (Fig. 22). 
Such de-energization is effected in the beginning 
of the card feed cycle upon opening of cam con 
tacts FC-5 which interrupts the stick circuits to 
any of the V or W relay coils which have been 
previously energized. This operation will place 
these relays in condition to be set up again under 
the pre-sensing control of the next card. Com 
putations proceed card by card until all compu 
tations on all cards are complete. Following the 
Computation of the last card while there is an 
energization of the card feed clutch magnet 304 
(Fig. 22d) there will be no energization of the 
XC clutch magnet 32 in view of the fact that 
the relay contacts C-4 are now open, these be 
ing open because coll G is now de-energized, card 
lever contacts 305 having opened on such last 
card condition. This prevents unwanted XC 
can contact operations. 

Rounding of device 
In calculating machines, particularly multiply 

ing machines rounding off devices have been 
utilized to carry a particular calculation to the 
nearest unit in a particular order. This has been 
accomplished by entering an amount, say 5, in 
one order to the right of the order which is to 
be rounded off and which order is the last order 
to be recorded by punching. In the present na 
chine rounding off mechanism is also employed 
but supplemental controis have to be provided in 
connection with such rounding off for the fol 
lowing reason. Let it be assumed that a con 
putation is to be carried to two quotient places 
only and that the place limiting devices of the 
machine are set for such two place quotient. 
However, if the rounding off feature is employed, 
the 5 increment must be introduced in an order 
to the right of the last desired quotient place and 
if such 5 is introduced into such order, then the 
machine must carry the computation further and 
terminate the computation not in the last desired 
quotient place, but in a place or order beyond 
such last desired place. The place limiting con 
trol therefore has to be modified to allow the 
machine to carry the computation one step or 
order further than is desired for the last quotient 
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place itself. This change of control brings about 
and makes necessary a further control. In view 
of the fact that the machine has computed be 
yond, say, two orders of quotient digits and in 
view of the fact that it is only desired to record 
two orders of quotient digits, provision must be 
made for preventing recording beyond the last 
significant quotient place and for entering a zero 
in such order in which recording of remainder 
digits is not desired. 
The foregoing can best be understood by refer 

ence to Fig. 39. In Fig. 39, considering the 
rounding of or one-half entry, the calculation is 
there shown as being limited to two places of the 
quotient. The augmented entry of 5 is placed 
in an order of LQ just to the right of the order 
which receives the 7 quotient digit entry. The 
computation is then carried on beyond this order 
and a 6 quotient digit entry is made in the next 
column to the right. The 6 added to the 5 gives 
a result of 11 giving a carryower f one into the 
next higher order and producing a final quotient 
amount of 18. There is, however, a reinainder 
standing in LGR of 10. It is not desired to record 
the 1, because as regards a quotient result, such 1 
is meaningless. Therefore in recording, pro 
vision is made for suppressing the recording of 
the 1 standing in LQR and for recording in lieu 
thereof a zero derived from another source. 

In connection with the rounding of feature, it 
should be further noted that rounding of is of 
no consequence or utility unless the quotient result 
is computed to at least two places. Accordingly, 
if dividing calculations are made to less than 
two orders, provision is made for wholly suppress 
ing the rounding off operation, including the 
eitry of a 5 in a selected order. 
With dividing calculations, the rounded off 

order of the quotient may assume a variable 
column relation on the final record. This will 
directly depend on the relative magnitude of the 
entered divisor and dividend and such rounding 
of column may vary from card to card due to 
the variable change of the reading out relation 

5 in recording the quotient. In short, in dividing, 
rounding off may occur in a variable final column 
of the result whereas previously in multiplying, 
such rounding off column is in a fixed column of 
the result. In dividing, rounding off is effected in 
a selected fixed column of the IG accumulator, 
but between the IQ accumulator and the punch 
there is a column shift mechanism so that the 
ultimate effect on final recording is to vary the 
column in which rounding off is effected. 
To prepare the machine for rounding off opera 

tions, the insertible plugboard utilized for such 
operations will have established a plug connection 
between socket 393 (Fig. 22g) and one of the 
group of the 394 sockets. The particular one of 
the 394 sockets which is plugged for the com 
putation on Fig. 39 is the second socket from the 
right. Another plug connection will be established 
between sockets 395 and 398 (Fig. 22d). This 
latter plug connection will bring about a main 

5 tained energization of relay coll J inasmuch as 
contacts AK-25 are closed throughout all divid 
ing Operations. 
Referring now to Fig. 22.f, with relay coll J 

energized, relay contacts J3-6 will be in reverse 
position from that shown and accordingly, with 
a plug connection between socket 389 and the 
second 390 socket from the left, signifying a two 
place quotient computation, the machine will not 
terminate its computing Operations with the arm 
of the stepping switch SB establishing contact 
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with the second contact spot, but in contradis 
tinction the machine will continue computation 
until the switch arm establishes contact with 
the third contact spot. The foregoing control 
will carry the computations performed by the 
machine On division to one further cycle beyond 
that required for the second quotient place. 

Referring now to Fig. 22f, energization of re 
lay Col J will shift the J-? contacts to reverse 
position from that shown. Such contact shift will 
place the oSD stepping switch coll in parallel 
with the 340SB stepping switch coil so that upon 
each energization of 30SB there will be an ener 
gization of iOSD. 
As shown in Fig. 39, the 5 entry is made in the 

second comparing cycle, viz., the cycle in which 
the amount of 374 is the dividend comparison 
portion. Such 5 entry is always made during 
such comparison cycle. The 5 entry into the 
selected Column of the IQ accumulator is brought 
about in the following manner. During the cycle 
mentioned relay coll CSb becomes energized, clos 
ing contacts CSb-6. (Fig. 22g). Likewise dur 
ing the portion of the cycle in which the dividend 
is being compared, relay coil DD is energized caus 
ing closure of contacts DD-4, Cam contacts 
CC-22 are timed to close at the '5' index point 
in the cycle. Accordingly, a current impulse will 
flow at such time from line 30, through CSb-6, 
through DD-4, through CC-22, via plug con- 30 
nection from socket 393, to the selected socket 
89 and thence down to the related Columnar 
order of A, in this instance, the third accumu 
lator magnet from the extreme left. This will 
eater 5 in such accumulator during the above 
mentioned comparison cycle. 
According to the rounding off operation as 

shown in Fig. 39 relay coil H will become energized 
not in the second quotient entry cycle, but in the 
following or third quotient entry cycle. This will 
be effected by the control which is afforded by re 
lay col J, JS-8 contacts and the SB stepping re 
lay. By the time the H relay coll has become 
energized, the quotient digit of 6 (see Fig. 39) will 
have been entered in the order of LQ which re 
ceives the 5 entry. The usual carry will take 
place and the setting in the hundreds order of 
Q will be augmented from 7 to 8. 
It has been explained heretofore that the step 

ping relay magnet 340SD will be energized con 
currently with the energization of stepping mag 
net OSB. Inasmuch as the SB switch steps 
to the third contact position, the SD switch (Fig. 
22h) will likewise step to the third contact post 
tion and place relay coll FF in circuit with line 
3D. It has been previously explained that under 
control of contacts RD-7 (Fig. 22c) relay coils 
AAt and Zh. (Fig. 22c.) and relay colls A and AB 
(Fig. 22d) were energized to control punching. At 
the time such relay coils become energized, a cir 
cuit is also completed through relay coll FF (Fig. 
22), via wire 897 (Fig. 22d) to the right side 
of coil A. Such coil is maintained energized 
throughout punching operations by the stick cir- . 
cut extending through contacts A- as previ 
ously explained. With relay coil energized 
(Fig. 22), the contacts FF-1 will shift to re 
verse position and with such contacts shifted, the 
circuit from the common readout segment in the 
tens order of AR will be cut of and such cir 
cuit will be completed over to line 92, which it 
will be recalled, is a circuit to the zero in terposer punch selector magnet. Thus in lieu of 
punching a 1, the amount standing in the tens 
order of the Le accumulator, there will be aero 
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punched on the record card in the related order. 

Provision is made to delay release of the SD 
stepping relay switch arms until after punching 
is completed in this type of Operation. Referring 

5 to Fig. 22e, the manner of energization of 32 LQ 
has been previously explained. When such coil 
becomes energized, a circuit is completed from 
the AS-9 contacts in the position shown, over 
through the AK-6 contacts now closed, through 

10 can contacts CC-2?, to energize the 34 SD re 
lease magnet. While there is also an energiza 
tion of 84 SE at this time, this is without effect 
because the SE relay is now in home position. 
Energization of 34 SD, however, will release the 

15 arms of this stepping switch (Fig. 22h) and allow 
them to return to home position as shown. 

Automatic place limiting controls 
It will be appreciated that the number of quo 

20 tient places which the machine is adapted to com 
pute depends upon several factors, viz., the num 
ber of available places or orders in the dividend 
receiving device and the number of orders in the 
divisor. For example, with a dividend receiving 

25 device of four orders as here shown with a one 
place divisor, the machine can compute to four 
places and no more. On the other hand, if the di 
visor is a two place divisor, the computing ca 
pacity will be limited to three orders. It will also 
be appreciated that the place limiting plugging 
previously described can be set say to compute 
to four orders of quotient places, but the comput 
ing capacity of the machine might be reached 
before such four orders are computed. Such ca 

35 pacity would be reached if a two place divisor was 
encountered. To take care of such conditions an 
automatic place limiting mechanism is provided. 
This automatic place limiting mechanism termi nates computing operations in any event when the 

40 computing capacity of the machine is reached ir 
respective of whether this capacity is reached be 
fore the pre-set or pre-plugged place limiting 
order is reached. The automatic place limiting 
mechanism will also be effective to limit the num 
ber of orders computed, even if there be no pre 
plugging place limiting. 
As previously explained, when rounding off is 

employed, the computing capacity is automatically 
increased to an additional quotient place. How 
ever, if that quotient place cannot be computed 
without exceeding the computing capacity of the 
machine the automatic place initing mechanism 
will be in control and will prevent computing when 
the computing capacity is reached, irrespective of 
the rounding off mechanishm calling for a further 
order of quotient order computing. 

In the previous explanation of dividing con 
putations, it was explained how the W relay coils 
(Fig. 22c) were selectively energized depending 
upon the size of the divisor amount. In the par 
ticular computation explained, Wit was energized. 
Such relay coil remains energized during all di 
widing calculations. With such coil maintained 
energized, relay contacts Wit-8 (Fig. 22.f) be 
come closed and with such contacts closed, it will be appreciated that an energizing circuit is es 
tablished to relay coll H when the third step of 
movement of the SB has taken place. Coil H 
will thus be energized to terminate computing, 
even though there be no connection whatsoever 
from the 89 socket to one of the 90 sockets or 
even if there be a connection from the 89 socket 
to the extreme right-hand a socket. Such con 
nection from 9 to the extreme right-hand socket 

is 89 would tend to call for a four place computa 
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tion, but the Wit-3 contacts would terminate such 
series of computations after three quotient places 
had been calculated, which is the limit obtainable 
with a two place divisor amount in this machine. 
If the divisor amount were one place, relay coil Wu 
would be tinergized and would be maintained en 
ergized throughout dividing calculations. Such 
energized relay would close contacts Wu-3 and 
dividing calculations would then be invariably 
terminated when the stepping switch arm of SB 
reached its last Contact position. 

It will be furthermore appreciated that the fore 
going controls afforded by contacts Wit-3 or 
Wu-3, will be effective irrespective of the shift 
of the J3-6 contacts, which contacts assume a 
shifted position on rounding off operations. AC 
cordingly, the automatic place limiting controls 
have a predominating control even when aug 
mented calculating is being effected under round 
ing off control. 

Rate dividing 

In rate dividing operations the divisior amount 
is derived fron a leading rate or master card 
which card contains a special perforation in one 
of the extra index point positions of the card. 
The dividend amount is on each of the following 
group of interspersed detail cards. On such rate 
dividing operations the machine builds up the 
multiples once for each group of detail cards and 
retains the build-up until a new master card ap 
pears in a run. Upon Such master card being 
reached, the previous build-up is broken down and 
a new build-up made. Furthern ore on rate di 
viding operations, the pre-sensing control is some 
what modified. Both the divisor field and the 
dividend field are pre-sensed for every card. 
However, when the master card is pre-Sensed, 
provision is made to disregard the pre-sensing 
control derived from the dividend field, but to 
only take into account the pre-sensing control 
taken from the divisor field. Thereafter, upon 
pre-sensing the detail cards of a run, provision is 
made to disregard any pre-sensing control de 
rived from the divisor field, but to retain the pre 
sensing control which was derived from the divi 
dend field. The control setups which are ob 
tained from pre-sensing the divisor field from the 
master or rate cards are also changed so that the 
divisor pre-sensing control is retained for all of 
the following detail cards of the group. This di 
visor pre-sensing control is thereupon correlated 
with the dividend pre-sensing control which is in 
dividually derived from each detail card. Whn 
rate computations pertaining to one group) have 
been completed and the new rate or master card 
is encountered the previously mentioned controls 
are broken down and new controls set up. 

Special controls are also provided effective On 
rate dividing whereby idle dividing and recording 
operations pertaining to master cards are elimi 
nated. 
On rate dividing, the insertible plugboard (Fig. 

26) will have established a plug connection be 
tween socket 364 (Fig. 22h) and socket 39T. This 
connection will maintain relay coll AL energized 
through all rate dividing operations. With relay 
coll AL energized, relay contacts AI-8 will close 
and maintain the dividing relay coll AK energized 
also throughout all rate dividing Operations. 
With both of the coils AL and AK energized, their 
associated contacts will shift to reverse position 
from that shown. The regular entry circuits for 
rate card dividing are the same as for regular di 
viding. The pre-sensing circuit plug connections 
for the divisor and dividend fields are also the 
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same. There is, however, a supplemental plug 
Connection provided by the insertible plugboard to 
enable receipt of a reading from the extra index 
point position. This plug connection is made be 
tween the particular socket 67 in the column in 
which the extra, index perforation occurs to socket 
368 (Fig. 22d), With cards in the supply hopper 
the machine is started in the same way as in regu 
lar dividing operations. 
As the master card traverses the pre-sensing 

brushes the pre-sensing relays of the N and R. 
groups will be selectively energized as in regular 
dividing. It will be understood that selected ones 
of the R magnets will be energized according to 
the location of Zeros in the divisor field of the 
card and that selected ones of the N magnets will 
be energized according to the location of zeros in 
the dividend field of the card. If the leading 
master card contains no perforations in the di 
vidend field none of the N magnets will become 
energized. 
As in rate multiplying a circuit is completed 

from the extra index point position through the 
plug connection from the socket 367 to socket 368. 
Relay coil NN will become energized since the 
AI- contacts are now closed. 

It will be appreciated that as a detail card 
traverses the pre-sensing brushes the pre-sensing 
relays of the N and R groups will also be selec 
tively energized. As will be explained later the 
energization of Selected Ones of the R. relays is 
ineffective as long as the machine handles detail 
cards. The energization of Selected ones of the 
N magnets is, however, effective to control shift 
to the left of the dividend entry from each detail 
card. 
As previously explained for dividing, relay coils 

R, according to their energization, control the 
selective energization of relay coils T; likewise re 
lay coils N control the selective energization of 
the S coils. There are further controls based 
upon the energization or non-energization of re 
lay coil NN which determine whether an amount 
derived from the dividend field of the card is to 
be entered in its receiving accumulator or not, 
On rate card operations the S relay controls 
should be rendered ineffective when a master card 
is being read by the regular reading brushes. 
Upon analyzing a rate card relay coil NN will be 
maintained energized during the reading cycle. 
With such relay coil energized, relay contacts 
NN-3 (Fig. 22c) shift to reverse position. Thus 
the circuit will be cut off to the various S relay 
coils. However, with such contacts shifted even 
though the relay contacts AL-6 are open, the 
regular circuit is afforded to the T relay coils so 
that these may become selectively energized to 
control the selected shift to the left of the divisor 
entry. In the card feed cycle the amount of the 
divisor will be entered into the respective ML 
receiving devices in the manner previously ex 
plained and in the following cycles on account of 
the fact that the XC cams are rotating, there will 
be the usual build-up of multiples of the divisor 
in the ML devices as previously explained. 
As in regular dividing, provision must be made 

to store the setting of the Trelay coils on selected 
ones of the W relay coils. Unlike regular dividing 
operations the divisor relay coll (W) setting must 
be retained throughout all of the connputations 
pertaining to the following group of detail cards. 
In order to change the control of the Wrelay coils 
from one in which they become de-energized foll 
lowing a computation pertaining to one card, to 
a different condition in which they remain ener 
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gized for a run of a group of detail cards, the 
stick circuit for relay colls W is modified as foll 
lows: Such stick circuit extends from contacts 
such as Wu-, etc., back to line, through relay 
contacts AL-5. However, such contacts AL-5 
are now in shifted position so that the stick cir 
cuit, in place of extending back to ground 
through cam contacts FC-6, extends back to 
ground through the now shifted AL-5 contacts 
and through the MI-6 contacts. Accordingly, 
the selectively energized relays W will not become 
de-energized until contacts ML-5 open at the 
time when the nultiple receiving devices are be-, 
ing reset, Contacts MI-5 open upon the ener 
gization of 32 ML. 

Early in the master card reading cycle can 
contacts FC-2 (Fig. 22d) close, causing ener 
gization of relay coils RR and SS. The stick cir 
cult for coll RR is through the RR- contacts, 
being completed to line through the supplemental 
punch controlled contacts P-2a. The stick cir 
cut for relay coil SS is through the now closed 
elect contacts P-4 and contacts RR-. The 
master card ultimately reaches the receiving tray 
of the punch closing card lever contacts 3 T. and 
energizing relay coll D. With P-5 closed, relay 
coil B is also energized and with B and D ener 
gized contacts B-2 and D-2 (Fig. 22e) become 
closed and accordingly there is an energization 
of the 32 LGR reset relay coll as described in regul 
lar dividing. 
With the master card in the punch tray and 

with relay D energized, the D- contacts (Flg. 
22d) shift and upon closure of CC-, with con 
tacts B- closed, there is an energization of the 
punch rack trip magnet 38 to feed the naster 
card to the first punching position. Upon feed 
of such card the P-5 contacts open de-energizing 
Col B allowing closure of contacts B-3. With 
B-3 closed the SS- contacts are now effective 
to afford a stick circuit for relay coil SS. During 
card feed of the master card the eject contacts 
P-4 are open. This breaks the circuit connec 
tion between coils RR and SS. 

Relay coil H (Fig. 22.f) will become energized 
before RR becomes de-energized. The circuit 
for energizing coil H. is through the RR-2 cora 
tacts, through the LQ-9 contacts, coll H, to 
ground. With H energized, its stick circuit is 
completed back to line through contacts H 
and through the AK-3T contacts now shifted, 
through RD-1 to line. 

It will be recalled that in rate card nultiplying 
that such stick circuit was completed through 
ML-26. It will be recalled that relay coil JJ 
(Fig. 22d) initiates dividing calculations. Such 
relay coil on regular dividing is energized upon 
LGR reset upon closure of Contacts LQ-8 and 
CC-8. However, upon rate dividing operations 
with relay col H energized, relay contacts H-5 
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will be open at the time CC-T close and there 
will accordingly be no energization of coll J.J. 
On regular dividing operations it was explained 

that for each card feed there was an energiza 
tion of 32M concurrently with an energization 
of 2 RD. Upon rate dividing operations it is 
desired to reset the ML receiving devices only 
prior to the reading of a master card. Accord 
ingly, the energizing circuit to 2 ML is inter 
rupted upon detail card operations. This is ef 
fected by the opening of the AL-T contacts. 
With cards in the machine relay coli G will be 
energized and contacts C-3 be open, and 
as long as detail cards appear in a run relay coil 
NN will not be energized so that contacts NN 
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will be open. Accordingly, the control of ener 
gization of reset relay 32ML is brought about 
for a master card under control of contacts 
NN-4 and suppressed for detail cards, inasmuch 
as NN-4 are open and AL-7 are also open. 
Any time a master card is encountered, even if 
two master cards are in direct succession, reset 
coil 2ML will become energized and reset of 
the multiple receiving devices will be effected, 
On rate card operations the master card should 

be skipped out of the punch just as in multiply 
ing rate card operations. During the RD reset 
cycle relay coil 82 RD is energized. Energiza 
tion of such coil will close relay contacts RD 
(Fig. 22c.) and there will be the energization of 
relay coils A and AB in the manner previously 
explained. There will also be a selective ener 
gization of AAu or AAt (Fig. 22c) as previously 
explained. Relay coil SS (Fig. 22d) is still ener 
gized and the SS-2 contacts will have shifted 
to cut off the circuit to the readout strip of the 
punch and to establish a circuit to the punch 
magnet 360. With the circuit thus established 
to the punch magnet 360, the master card will 
be escaped through the punch as in rate multi 
plying. With the SS-2 contacts in shifted posi 
tion all punch circuits to LQR will be cut of so 
that this readout will be wholly ineffective dur 
ing the escape of the naster card through the 
punch. Card feed of the detail card is brought 
about as in regular dividing, that is, with coil 
32 RD energized, contacts RD-8 (Fig. 22d) close 
and there is a circuit ultimately established to 
energize relay coil E which in turn brings about 
an energivation of the 304 card feed clutch 
magnet. 
On rate card operations, upon feed of the detail 

card, provision is made to Suppress the Operation 
of the XC cam contacts. Stich cam contacts 
have as one of their functions, the control of 
build-up of multiples of the divisor. Such build 
up control is not desired for a detail card on rate 
dividing because it is effected for a master card 
only and the build-up is retained for detail cards. 
Build-up is permitted for master card operations 
because contacts NN-2 (Fig. 22d) are closed. 
Such contacts are, however, open on detail card 
operations because relay coil NN is de-energized. 
Relay contacts AT-2 are Open throughout all 
rate card dividing operations so that the control 
of clutch magnet 32 is solely through contacts 
NN-2. 
On rate dividing operations, provision is made 

upon feed of a detail card to suppress energiza 
tion of any of the T coils, but to permit the selec 
tive energization of the S coils. The energizing 
circuit for any of the T coils is through the relay 
contacts NN-3 when these are in shifted posi 
tion. Such contacts are in the position shown 
when a detail card is fed. Accordingly, no T Coll 
can become energized upon such detail card 
feed, but with such contacts NN-3 in the posi 
tion shown there can be a selected energization 
of the required S coils. Selected Ones of the S 
coils will be energized as explained for regular 
dividing and according to which of these coils 
the dividend entry will be permitted and shifted 
to the left in the dividend accumulator as in regul 
lar dividing operations. 
On regular dividing operations the pickup cir 

cuit for energizing selected ones of the W and W 
relay coils was via the XC-4 cam contacts. Such 
contacts it was explained, close upon the feed 
of a master card to energize a selected one of 
the W relay coils. Such contacts XC-4, how 

  



ever, do not close on the feed of a detail card and 
accordingly, inasmuch as selected ones of the 
W relay coils must be energized for each detail 
card a supplemental pickup circuit must be pro 
vided for such relay colls. This supplemental 
circuit is provided as follows: From ground 
through the contacts G-2 now closed, through 
can contacts FC-8, through contacts AL-4, 
which are in shifted position, through the now 
closed contacts AM-5, through one of the Su 
to Sth- contacts to the proper W relay coil, 
This supplemental circuit will allow the selected 
energization of the requisite W coil. The stick 
circuit for any energized W Coll extends through 
cam contacts FC-5, back to line which circuit 
is different from the stick circuit for the W Telay 
coils. 

Dividing operations pertaining to each detail 
card occur as previously explained for regular 
dividing. Computations ensue for the detail 
cards of a group and upon a new master card 
being encountered in a run, relay coil NN becomes 
energized (Fig. 22d). With relay coli NN ener 
gized, there is initiated an ML reset as previously 
explained, that is, contacts NN-4 (Fig. 22e) 
close. Upon such ML reset, the contacts MI-5 
(Fig. 22c.) open so that upol the opening of can 
contacts CC-23, the stick circuit for the W relay 
coils is broken and any energized W relay is de 
energized so that another such relay can be 
re-energized under the control of the succeeding 
master card. 
Summarizing-on rate card dividing opera 

tions, the master card controls both the taking 
in of the divisor amount and the shift of such 
amount to the left. The following detail cards 
control the taking in of a dividend amount and 
the shift of the dividend entry to the left. Mul 
tiple building up operations are effected once 
under the control of a master card and -build 
ing up operations are thereafter Suppressed un 
til a new master card comes along in a run. 
On master card operations, dividing Calcula 

tions are suppressed and the master card is 
skipped through the punch, without , recording, 
On detail card operations, on the other hand, 
computing is brought about for each detail card 
with the recording for each detail card. 
As in regular dividing the shift back of the 

quotient amount on final recording is under the 
conjoint pre-sensing control afforded by the 
divisor and dividend amounts. As stated be 
fore, the divisor control is from the master card 
and the dividend control is from each detail 
card. Stated otherwise, the shift back control 
for quotient recording is a conjoint control based 
upon one master card taken with dividend data 
from each detail card of a run and this shift 
back control may vary from detail card to de 
tail card, notwithstanding the divisor control 
is fixed for a group of detail cards. 

Checking dividing 

It will be recalled that in regular dividing 
operations the procedure was to first build up 
and render available for comparison all mull 
tiples of the divisor, thereafter these multiples 
were successively compared with successive con 
parison portions of the dividend and following 
each comparison the selected divisor multiple 
was deducted from the comparison portion of 
the dividend. The related quotient digit was 
then entered and these operations repeated un 
til the division calculation was complete. 
When it is desired to check dividing, it is de 
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sirable that a different computation be carried 
Out using different digits. In this way the ac 
curacy of the first computation on the original 
run may be more accurately checked. Generally, 
the procedure on checking dividing is to change 
not only the comparison by comparing different 
but related digits, but to also change the former 
deducting operation to an adding operation to 
add any divisor multiples in place of subtract 
ing them as the computation proceeds. To illus 
trate, assume a divisor amount of 12 and a divi 
dend amount of 144. The quotient is obviously 
12 and the going multiples of the divisor are re 
spectively 12 and 24 for the two steps of the com 
putation. 
On checking division, the various divisor mul 

tiples will be built up on the ML devices as be 
fore. For example, there will a build up of 12, 
24, 36, etc. The dividend amount in place of 
being entered directly into RO as in regular 
division will be entered from the record into the 
SP accumulator. Following the entry, a nines 
complement of the divided is read out from SP 
and entered in RD. Then in setting up the vari 
ous comparing units for comparison the nines 
complement of the dividend will be set up on 
one side of the comparing units and on the other 
side of the comparing units the nines comple 
ments of the different divisor multiples will be 
set up. To illustrate, with the dividend amount 
of 144, the nines complement of such amount is 
855. The nines complement of the 1, 2 and 3 
multiples of the divisor is 87, 75, 63, etc. The 
first comparison portion of the dividend to be 
compared is 85. This is compared with the 
available nines complemental multiples of the 
divisor and it is found by such comparison that 
87 is the complement of the multiple which is 
just equal to or greater than the nines comple 
mental dividend comparison portion, 
When such comparison is made the machine 

selects the corresponding divisor multiple, viz., 
12, and enters 12 into the RD accumulator, add 
ing the amount of 12 to 85. While this amount, 
is being added, there is also an entry of the 
nines complement of the related quotient digit, 
i. e., 8, into the LQ accumulator which accumu 
lator previously had the quotient amount entered 
therein. Such entry of 8 would bring the high 
est order wheel of the accumulator to a 9 posi 
tion. Column shift then ensues and 75 becomes 
the next comparison portion of the nines con 
plement of the dividend. By comparison, it is 
ascertained that 75 is the nines complemental 
multiple which is just equal to the comple 
mental dividend comparison portion. Follow 
ing such comparing, the related direct divisor 
multiple, viz., 24, is entered into RD, which brings 
the RD accumulator to an all 9 position. Like 
wise, the nines complement of the 2 multiple 
is entered into LQ in proper columnar order, 
viz., there is an entry of 7 in the column of LQ 
already containing a 2 so that this wheel of the 
LQ accumulator also is brought to a 9 position. 
When the wheels of the LQ accumulator reach 
an all 9 condition this signifles that the con 
putation has checked, the checking computation 
is complete, and a new checking operation can 
be effected. Summarizing: For checking dividing the 
operations are to compare successive nines con 
plements of dividend comparison portions with 
nines complements of the divisor multiples and 
then to add to the dividend accumulator the re 
lated direct multiple of the divisor. This is de 
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determined according to which complemental 
divisor nultiple is just equal to or greater than 
the related complementary dividend comparison 
portion. There is also an entry of the related 
nines Complement of the going divisor multiple 
into the LQ accumulator. Stated another way, 
the multiple which is added following compari 
son is that multiple whose nines complement is 
the lowest, that is, just equal to or greater than 
the nines complement of the comparison portion 
of the dividend. 

In regular dividing, division proceeds by a series 
of deducting operations towards a terminating 
Zero point. The dividend is a positive amount 
and the divisor multiples are negative and are 
subtracted to reduce the dividend amount to a 
limit which is or approaches zero. On checking 
dividing, the dividend amount is a negative 
amount and the divisor multiples are positive 
amounts. These amounts are added successively 
to cause the dividend amount to become less and 
less negative so that a limit equal to or approach 
ing Zero is finally obtained. 

It will be noted that on checking dividing nines 
complements are always used and there is no 
elusive one entry in the checking process at all. 
This materially simplifies the circuits and mecha 
Inisms. 

Before explaining in detail the checking divid 
ing operations, it may be mentioned that the 
cards are introduced into the machine on a re 
run in reversed end to end relation just as in 
checking multiplying. This obtains the same ad 
vantages previously explained for checking mull 
tiplying. Likewise in checking dividing, in view 
of the end to end reversal of the cards, special 
insertible plugboards are used according to Flg. 
28. The insertible plugboard provides a plug 
connection between socket 364 (Fig. 22h) and 
socket 398. This connection maintains relay coll 
AMI permanently energized during all checking 
Operations. Upon energization of AM, relay con 
tacts AM-7 and AM-8 close to maintain re 
lay coils AK and AS, respectively, energized 
throughout checking dividing operations. It will 
be recalled that AK was previously maintained 
energized during regular dividing and that relay 
coll AS was maintained energized upon check 
ing multiplying. With these colls AM, AK and AS 
energized, their respective contacts shift to re 
verse position from that shown. 
As in regular dividing, plug connections are 

established between sockets 7 pertaining to the 
divisor field, to sockets 383 (Figs. 22a and 22g) 
and plug connections are made from 387 per 
taining to the dividend field (Fig. 22a) to sockets 
384 (Fig. 22g). Plug connections are also made 
from the sockets 67 pertaining to the quotient 
field to the sockets 399 (Fig. 22h). The foregoing 
plug connections are for pre-sensing purposes. 
To route and aford entries of the dividend, divi 
sor and quotient amounts, plug connections are 
established from sockets 309 (Fig. 22e) pertain 
ing to the divisor field to sockets S 1 (Fig. 22a) 
and connections are made between sockets 309 
pertaining to the dividend field to sockets 378 
(Fig. 22g). For quotient entries, plug connections 
are established between sockets 309 (Fig. 22e) 
pertaining to the quotient field, to sockets 400 
(Fig. 22d). 
As explained on checking multiplying, the cards 

are placed in the hopper in reverse end to end 
relation. The machine is started up in operation 
just as in regular dividing and for the first card 

O 

3. 
dividend fields just as in regular dividing. There 
is also a pre-sensing of the quotient field and this 
pre-sensing selectively energizes selected ones of 
the relay cois TTa-g (Fig. 22h). As in the cus 
tomary pre-sensing control such of the Trelay 
coils are energized which are related to columns 
of the quotient field where zeros appear. When 
any one of the a-g coils is energized its re 
lated contacts with the suffix '1' (Fig. 22c) is 
shifted to reverse position from that shown, and 
accordingly, a selected One of the WWa-g colls 
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will be energized. Assuming a quotient entry of 
18 (see Pig. 40), the TT colls which will be ener 
gized will be Ta, Tb, Tc, TTf and TTg. The 
energization of TTg and TTf will have shifted 
contacts TTg- and TTf-i (Fig. 22c.) and with 
such contacts shifted there will be an energiza 
tion of relay coil WWe. 
There will be an energization of coil WWe at the 

time the card is analyzed by the regular reading 
brushes. It will be noted that the non-shift of 
contacts TTe- cuts of the circuit to all of the 
WW relays to the right of coil WWe (Fig. 22c). 
The second card feed cycle following pre-sensing 
on the first card is brought about as in regular 
dividing. On such card feed cycle the divisor 
amount is entered into the ML devices in shifted 
Over relation just as in regular dividing. Follow 
ing entry the multiples are built up in the various 
MI, devices as in regular dividing. The dividend 
amount on the other hand, in place of being 
entered into RD in shifted over relation as in 
regular dividing, is entered into SP in shifted 
Over relation. As in regular dividing the Sh relay 
coil (Fig. 22c) becomes energized under pre-sens 
ing control. Such relay when energized shifts 
the S-2 group of contacts to reverse position 
from that shown, 
The entry circuits for the dividend amount are 

in part the same as for regular dividing and will 
be traced only from sockets 378 (Fig. 22g) 
through the non-shifted AN-7-fo contacts, via 
the lines 87 (Fig. 22c.), through the closed Sh-2 
contacts, through the now shifted AS-1-4 con 
tacts, directly to the 38SP accumulator magnets. 
This will enter the amount of the dividend into 
SP and shift it over in columnar relation therein. 
At the time the FC- cam contacts close to 
energdge relay coils Sh, and it, a branch circuit 
is established via line 40, through the now closed 
AM- contacts, through the Ty-f and the 
Tf- contacts in shifted position, through the 
relay coil WWe and back to line. The energiza 
tion of WWe closes the group of contacts WWe 
(Fig. 22d). These WWe- contacts selectively 
determine the shift of the quotient entry to the 
left upon entry into the IQ accumulator. With 
contacts WWe- closed, the quotient entry from 
the quotient field of the card is made as far to the 
left in the Q accumulator as possible. The entry 
circuit is from sockets 00 which are plugged up 
to the quotient reading brushes, through contacts 
WVe- over a group of lines 02 (see also Fig. 
22h), through the non-shifted AT-- con 
tacts, via a group of lines 403, up over the group 
of lines 323 (see also Fig. 22g), to and through 
the LQ accumulator magnets. This will enter 
the amount of the quotient in the Q accumula 
tor in shifted to the left columnar relation. 
In the machine cycle following the card ana 

lyzing cycle, i.e., the second half of the card feed 
cycle, provision is made to transfer over the nines 
complement of the dividend amount from the 
SP accumulator to the RD accumulator. This is 

cycle there is the pre-sensing of the divisor and is brought about in the following manner. During 
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this machine cycle, since relay coil AS is ener 
gized, contacts AS-2 (Fig. 22d) are closed and 
a circuit is established at the proper time through 
can contacts XC-6, through the AN-7 con 
tacts in the position shown, to energize relay coil 
W.W. With this relay coil energized, relay con 
tacts WW-3-6 (Fig. 22g) and WW-2 (Fig. 
22c) are shifted. With WW-2 shifted, a circuit 
is cstablished from line 347 to the nines com 
plementary emitter 375. The nines complemen 
tary impulses are emitted through SPR (Fig. 22g), 
through the non-shifted SP--4 contacts, 
through the shifted WW-3-6 contacts, through 
the AN-3-6 and AJ--4 contacts in the posi 
tion shown, to the lines 35 and thence to the 
33RD accumulator magnets. This impulse 
emission through SPR will enter the nines con 
plement of the dividend amount in R.D. It may 
be mentioned that an elusive 1 entry or entries 
is not made into RD under this particular oper 
ation, Since even though the contacts WW-1 are 
closed, the contacts AM-2 are in open position 
and therefore no elusive 1 entry is possible. 
By the usual card controls which are effective 

When the card reaches the receiving tray of the 
punch, and as in regular dividing operations, re 
lays B and D (Fig. 22d) ultimately become en 
ergized. As in regular dividing the card is fed 
to the first punching position. The machine is 
now ready to initiate its checking calculating op 
elations and this is brought about by a reset of 
the SP accumulator. In regular dividing, it will 
be recalled that dividing calculations will be 
initiated by reset of the LQ accumulator. Ini 
tiation of SP reset is brought about as follows: 
Contacts B-2 and D-2 (Fig. 22e) are now 
closed and a circuit is established through relay 
contacts AS-0 now closed, to the 32 SP reset 
relay. The energization of relay coil AS will have 
shifted the AS-9 contacts and thus prevent en 
ergization of 32 LQ. The reset of the SP ac 
Cumulator takes place in the manner fully ex 
plained for such reset on checking multiplying 
Operations. SP reset brings about energization 
of relay coil J.J. The circuit is established 
through the now shifted AS- contacts, through 
the SP-7 contacts, through can contacts CC 
through the closed H-5 contacts, to relay coil J.J. 
JJ Once energized is maintained energized by the 
Stick circuit previously traced for dividing oper 
ations. With relay coil JJ energized relay con 
tacts JJ-3 Fig. 22f) close and a circuit is estab 
lished serially through the various CU- con 
tacts now in the position shown to energize the 
Irelay coil LL when cam contacts CC-9 close. 
With relay coil LL energized its stick circuit is 
established through LL- and CC-3. Shortly 
after LL becomes energized, can contacts CC 
close and circuits are established for energizing 
the stepping relay magnets 340SB and 30SE. 
Energization of the latter magnet is afforded since 
contacts AM-6 are closed and contacts J-? are 
in the position shown. The arms of the SB and 
SE stepping switches will thereupon advance to 
their first contact position. As in regular divid 
ing there will now be an energization of coils 
CSa, BB and DD, but since the contacts AM 
are now closed and also relay contacts DD-0 
are closed, there will be a concurrent energiza 
tion of CSa ' with the energization of CSa. 
The machine is now ready to set up the nines 

complement of the dividend or more exactly, the 
nines complement of the comparison portion of 
the dividend on one side of the comparing units 
and to set up the nines complements of the vari 
ous divisor multiples on the other side of the 
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comparing units. The setup of the nines com 
plement of the dividend comparison portion will 
first be explained. 

Referring to Fig. 22g, the add emitter 348 will 
be brought in circuit with line 347 upon shift of 
contacts DD-9. Impulses will be emitted 
through RDR, and will flow by the circuits pre 
Viously traced to the various selected ones of the 
-9AW comparing magnets. These circuits are 
the same as in regular dividing, but it will be re 
called that the nines complement will be read 
out instead of the comparison portion of the 
dividend as in regular dividing. With this par 
ticular operation, however, provision is made for 
filling out nines to the left on the comparing mag 
nets. A special nines to the left circuit is there 
fore provided which is established through the 
now closed CSa'-' contacts. These contacts are 
in a circuit 404 leading to the 9 bus of RDR and 
the circuit beyorld the CSI - contacts extends 
to each of the left hand comparing magnets 
-AW to 9-AW inclusive. While the nines 
complement of the comparison portion of the 
dividend is being set up on one side, the nines 
complement of the various multiples of the 
divisor are being Set up on the other side. 

Referring to Fig. 22b, relay contacts BB-28 
and AM-4 are in shifted position. Accordingly, 
nines complementary emitter 344 is in circuit 
with line 30 and nines complementary impulses 
are emitted from this emitter through the various 
MLR readouts down through the now shifted 
BB-1-27 contacts to selectively energize at dif 
ferential times the various l-AZ to 9-A2 com 
paring magnets according to the divisor comple 
mental multiples. 

In the comparing cycle and after the set-up 
of the comparing units is effected, the actual 
comparing operation takes place on the con 
paring commutators (Fig. 22c). It will be noted, 
however, that the contacts AM-8-6 are now in 
shifted relation. With such contacts shifted, the 
comparison will be such that all CU relays per 
taining to lower multiples (greater complements) 
than the comparison portion of the dividend and 
possibly the CU relay pertaining to an equal con 
plementary condition, will be energized. For 
the problem of Fig. 40, the -CU relay will be the 
only relay energized. Energization of this relay 
is effected upon closure of can contacts CC-2, 
through contacts DD-22, which are closed 
(Fig. 22c). 
Referring to the problem of Fig. 40, the divi 

dend comparison portion complement is 913 and 
the only complemental multiple which is greater 
than this amount is 950, the complement of the 
one multiple of the divisor. This one multiple 
is accordingly the selected multiple. 
Having selected the related multiple, the ma 

chine is ready to add the related direct multiple 
and to add the nines complement of the related 
quotient digit to the quotient digit already stand 
ing in the left-hand order of LQ. As in regular 
dividing at the end of the comparing cycle relay 
coils BB and DD become de-energized. In the 
instant machine cycle when the above entries are 
made, the relay coil CSI (Fig. 22.f) becomes 
again energized. However, relay coil CSa' does 
not become energized, because relay contacts 
DD-10 are open, DD having now been de-ener 
gized. With relay coil BB de-energized, relay 
contacts BB-28 (Fig. 22b) are in the position 
shown and the circuit from line is to add emitter 
34. The energization of -CU in the manner 
previously explained, will have shifted contacts 
-CU-I (Fig. 22.f) and energized the t-X 
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multiple selecting relay. Coil -x being ener 
gized it will be maintained energized in the man 
ner previously explained. With f-X energized, 
the fl-X-2- contacts (Fig. 22b) are in shifted 
position and the impulses flowing from the add 
endtter 34 will flow through the MLR-- read 
out and will ultimately reach the proper col 
unnar orders of the RD accumulator mag 
nets (Fig. 22f) via the circuit paths described for 
subtracting the first multiple in regular dividing. 

the entry circuit for effecting an entry into 
Q of the nines complement of 1 or 8 will now 

be explained. Referring to Fig. 22g, subtract 
emitter 850 is in circuit and add emitter 38 is 
out of circuit with line 4, since contacts DD-9 
are in the position shown, AM-2 are shifted and 
RD-B are in the position shown. With emitter 
0 in operation an impulse representative of 8 

will be emitted over the eight bus of ROR, through 
the now closed -x-5 contacts, through the 
contacts AK-22 now closed, through CSa 
now closed, through 22-2 in the position shown, 
down to and through the highest order 38LQ 
accumulator magnet. This will enter 8 in such 
Order and inasmuch as 1 already stands in such 
order, the accumulator wheel or element unit will 
be brought to a 9 position. - Further complemental comparing operations, 
adding of direct divisor multiples to the com 
parison portion of the dividend and further en 
tries of nine complements of quotient digits take 
place for following comparison portions of the 
dividend. These need not be traced in detail as 
they are substantially like those explained for 
regular dividing except for the difference in sign 
E.entry which has been explained for one opera 

. Terminating of calculating operations on 
checking dividing take place under the control 
of the place limiting devices. There is an ulti 
nate energization of the terminating relay H as 
in regular dividing, it being assumed that the 
place limiting devices are set for the same num 
ber of places as on the original run. 
The machine is now ready to test the LQ ac 

cumulator to ascertain whether the wheels of this 
accumulator are in a 9 position. After such 
wheels are in such 9 position it signifies that the 
checked computation is correct and there is then 
initiated a reset of the ML devices and the RD 
and IQ accumulators. If the test detects a con 
dition in which one or more of the wheels of LQ 
do not stand on 9, the foregoing resetting opera 
tions are deferred until a manual operation en 
sues and during which the incorrect card may be 
removed. Assuming that the Q accumulator 
shows an all 9 condition, resetting operations are 
initiated under the control of this test circuit and 
the card in the punch is skipped through the 
punch without recording. The test circuit and 
reset initiating control circuits will now be traced. 

Referring to Fig. 22e, upon closure of can con 
tacts CC-3 a circuit is established through the 
shifted AK- contacts, through AK-2 con 
tacts now closed, to line 3. Line 387 ultimate 
ly extends to Fig. 22h, through the now closed 
J-2 contacts through the switch arm of the SE 
stepping switch to say the third contact position, 
through the non-shifted 22-7 contacts, to the 
second from the left readout segment of LQR, 
thence via the various brushes and contact spots 
of the relatively higher orders of the readout 
which are on an all 9 position to line 338. Line 
338 ultimately extends back to Fig. 22e and en 
ergizing circuts are established to energize reset 
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relays 2 ML, 32 LQ and 82 R.D. The circuit to 
coil 82 ML is through the AL-7 contacts now 
closed. The circuit to 32 LG is through the con 
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tacts AK-4 and AS-9 which are both shifted. 
The circuit to 32 RD extends through contacts 
AE-5 in the position shown, through AK-5 in 
shifted position, through XC-9, to 32fRD. In 
the event that one of the accumulator elements 
of the D accumulator is of the 9 position, this 
circuit will not be established since it will be 
broken at the LQR readout. Such circuit, how 
ever, can be established to bring about reset by 
depression of the supplemental reset key 405 
(Fig. 22h). It may be explained that throughout the 
checking dividing computations stepping switch 
SE will advance the same number of steps as 
stepping switch SB. It will be understood that 
the stepping switch SE cuts of testing and ex 
ploration of unnecessary columns to the right 
in A. As in checking multiplying, RD reset 
through the closure of RD-7 ultinately causes 
energization of relay coll A (Fig. 22d). However, 
on the energization of Athere is no energization 
of any of the AA, 2 or AB coils (Fig. 22c) since 
contacts AS-5 and AS-6 are now in open posi 
tion. Since contacts AS-8 are in shifted posi 
tion (Fig. 22d) a circuit for advancing the card 
step by step through the punch is completed as 
in checking multiplying Operations. Ultimately 
the closure of contacts RD-8 brings about en 
ergization of relay coil E'whereupon the E-2 
contacts close and there is an energization of the 
card feed clutch magnet 304 and the XC clutch 
magnet 32. Operations pertaining to a new 
card are then initiated. 

No-go condition on checking dividing 
On regular dividing operations, conditions are 

encountered where on a certain comparison the 
comparing devices ascertain that there is "no 
go' condition. Such condition Eneans that the 
quotient amount for such quotient place is zero. 
Upon checking dividing, however, if upon a con 
parison a "no-go' condition is established, pro 
vision must be made to enter a 9 in such non 
going quotient order. This is necessary since 
the entries into LQ on checking are in nines 
complementary relation. To provide for the in 
troduction of a 9 into LQ on a "no-go' condition, 
the following controls and circuits are provided. 
If on checking operations a "no-go' condition is 
determined by the comparing devices, none of 
the relays -CU to 9-CU (Fig. 22c) will be en 
ergized, but relay 0-CU will become energized. 
With relay -CU energized, which is per 

mitted inasmuch as relay contacts AM-20 are 
closed and because relay contacts CSa'-2 are 
also closed, contacts 0-CU- (Fig. 22f) shift. 
Accordingly, there is an energization of the 6-X 
relay with the usual stick circuit established 
through contacts O-X-l. With 0-CU 
shifted, the energizing circuit to relay coil LL is 
broken. Therefore, on a "no-go' comparison 
upon checking dividing, the machine does not 
immediately follow with another comparing 
cycle as in regular dividing. In lieu thereof, the 
energization of the 9-X relay closes relay con 
tacts 9-X-5. (Fig. 22g) and a circuit is estab 
lished from the nine spot of emitter 35, through 
the now closed --5 contacts, through 
AK-22 now closed, through one of the closed 
CS contacts, down to one of the BLG accu 
nulator magnets. This will provide for the entry 
of a "9" in the "no-go' order of LG. On, a . 
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"no-go' comparing condition of checking, since 
the related multiple is zero, there is no additive 
entry of any multiple into R.D. 
In regular dividing operations it is possible, 

according to the relation of the divisor and the 
dividend to have quotient amounts such as 038 
(first condition) and 3870 (second condition). 
The relation of quotient digits for the first con 
dition occurs when there is a "no-go' comparison 
for the highest order of the quotient, i. e., a 
'no-go' condition on the first comparing cycle. 
The relation of quotient digits such as 380 for 
the second condition occurs when a comparison 
is effected on the first comparing cycle to signify 
that there is a going nultiple, 

In recording back on the record card for both 
of the foregoing first and second conditions, it 
is possible, due to the relative size of the divisor 
and dividend amounts to record the quotient 
amount of 387 for either condition in an iden 
tical columnar relation on the record card. For example, the recording for both conditions might 
be 0.03800. 
In recording the quotient amount for the first 

condition mentioned above, the zero preceding 
the 3 will be derived from LQR. However, when 
recording for the second condition, this same 
Zero in the same column will be derived not from 
LQR, but from the 2ero wiring 39, etc. (Fig. 
22h), previously described. 
When Such a record is re-run through the na 

chine for checking dividing, the pre-sensing con 
trol cannot ascertain whether the Zero preced 
ing the 3 comes from LQR or from the 39 zero 
wiring. Therefore, the 387 is entered clear from 
the card to the left in LQ when checking either 
under condition one or condition two. When en 
tering re-computed complementary quotient into 
LQ digits a control must be provided to take into 
account that such shift has occurred clear to the 
left under condition one or condition two. When 
Operating under condition one there will be a 
"no-go" condition on the first comparing cycle 
for the first quotient place. 
While the machine controls under this "no-go' 

condition would tend to enter a "9" in such place, 
such '9' entry in such place is undesired and is 
accordingly suppressed. It will be recalled that 
if 387 is shifted clear to the left there will be 
no Zero in LQ for the 9 to match with. Accord 
ingly, on such first condition on checking divid 
ing this "9 entry in the first quotient place is 
suppressed. However, on the second checking 
condition there is a going condition established 
On comparison for the first quotient place and 
therefore a complementary quotient digit is en 
tered in such place. Furthermore, under condi 
tion one, provision is made for shifting the en 
tries of all complementary quotient digits rela 
tively one place to the left so they will enter in 
the proper orders of LQ. On condition two, on 
the other hand, this shift to the left of the entry 
of complementary quotient digits is Suppressed. 
On the first comparing cycle upon checking 

dividing, relay coil CSa' (Fig. 22f) becomes en 
ergized concurrently with the energization of re 
lay coil BB in the manner previously described. 
The energization of CSa' opens contacts CSa'-2 
(Fig. 22c) and accordingly relay coil 0-CU does 
not becomes energized. Furthermore on a "no 
go' condition none of the relay coils -CU to 
9-CU will become energized. Accordingly, all of 
the -CU- to 9-CU- contacts (Fig. 22.f) 
remain in the position shown and LL becomes 
energized. With LL and BB energized, contacts 
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LL-4 and BB-0 (Fig. 22d) are in closed posi 
tion and upon closure of can contacts CC-2, 
a circuit is established through the now closed 
AS-2 contacts, through the non-shifted AR-2 
contacts, through CC-2 5, LL-4, BB-30 to en 
ergize relay coil ZZ. The contacts Z2- close 
and a stick circuit for coil ZZ is maintained in 
the same manner as for the JJ relay. With re 
lay coil 0-CU not energized, contacts O-X-5 
(Fig. 22g) will remain open and accordingly there 
will be a suppression of the entry of the 9 in the 
first quotient place. The energization of coil ZZ 
will shift the ZZ-2-5 contacts (Fig. 22g) and 
the effect of the shift of these contacts is to 
cause shift of the entry of the complementary 
quotient digits which are obtained thereafter in 
orders of LQ which are relatively one higher. 
The shift of the ZZ-2-5 contacts will be main 
tained throughout all succeeding computing op 
erations, 22. Only becoming de-energized when 
relay coil JJ de-energizes after the termination of computing. 
Under the first condition mentioned above, 

when complementary quotient entries are shifted 
relatively one place to the left, provision must 
be made for shifting the test circuits for testing 
for all nines in LQ relatively one place to the 
left. This is provided for by shift contacts 
22-6-9 (Fig. 22h) which shift the circuits be 
tween the SE stepping switch and LQR to limit 
the number of columns explored for all nines and 
to cut off exploring unwanted columns to the right. 
Under the second condition, that is a going 

condition, one or more of the relay coils -CU 
to 9-CU will become energized (Fig. 22c). With 
one or more of such relays energized, the asso 
ciated -CU-f, 2-CU-, etc. (Fig. 22.f) con 
tacts shift so that the energizing circuit to coil 
LI will be broken. Accordingly, referring to Fig. 
22d, contacts LL-4 will remain open and there 
will accordingly be no energization of relay Z.Z. 
With relay ZZ de-energized, there will be no shift 
of complementary quotient digit entries and no 
shift of the test circuit for testing for an all nine condition. 

In dividing calculations where rounding off is 
employed there is an entry of a 5 in a selected 
order of LQ. Having provided for such 5 entry 
for rounding off on an original run which 5 entry 
it will be recalled occurs for every card, provi 
sion must be made to deduct such 5 on the check 
ing operations. Such deduction of 5 in the proper 
Order of LQ is obtained as follows: 
Upon checking dividing the insertible plug 

board will have established a plug connection 
between socket 393 (Fig. 22g) and the same 
socket 394 which was plugged up on the original 
dividing run. In addition plug connections are 
made by the insertible plugboard from sockets 
406 to sockets 394 to the left of the one which is plugged up to 393. 
On regular dividing it was explained how the 

plug connection to socket 393 through can con 
tacts CC-22 and the relay contacts DD-4 ef 
fects an entry of 5. This same 5 entry is made 
on checking computations in the second compar 
ing cycle, but in addition in the same Second 
comparing cycle there is a further entry of a set 
of nines to the left of the order of LQ which re 
ceives the 5. The nine entries originate at com 
mutator 343 and flow through the DD- -3 
contacts and via the plug connections previously 
explained, to the selected higher orders of LQ. 
Such entry of 995 into LQ compensates for the 
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this conjoint operation there is a relative shift 
on final result recording and this shift is based 
conjointly on the pre-sensing control derived 
from One term entered from the card itself and 
derived for another term, an amount which is 

&ddition of 5 on the original run, in effect caus 
ing the deduction of 5 from the Le accumulator. 
The features just described form the subject 

matter of another co-pending application Serial 
No. 439,454, fled April 8, 1942. 

Special computation 
A X B 
C 

The foregoing description has explained the 
manner of use of the machine for multiplying 
and dividing. Previously the machine was set to 
run for a series of multiplying computations only 
with the one mul plication being performed for. 
each record or lternatively the machine was 
conditioned to perform dividing operations with 
a dividing calculation performed for each record 
card. The present invention however, contem 
plates a combined operation wherein there is 
both a multiplying operation and a dividing op 
eration performed for each record card. Con 
nercial transactions frequently involve the null 
tiplication of two terms and the division of the 
result by a third term. Typical calculations are 
those of the general form A:X::C:B. Here the 
machine is to compute the value of X which 
equals 

A X B 
C 

A typical problem will be first briefly explained 
with reference to Fig. 4. In handling this type 
of computation, the multiplicand amount (A) is 
entered into the ML devices just as in regular 
multiplying. The multiplier amount (B) is en 
tered into MP. The C term, i. e., the divisor, 
of the calculation, is entered into SP, but such 
entry is governed by a pre-sensing control so 
that there is a shift to the left upon entry of 
C into SP from the record card. The machine 
thereupon proceeds to carry out a regular multi 
plying operation, finally obtaining the product 
result in LQ. After the product is obtained in 
LQ controls come into action which automati 
cally shift the machine to another status in which 
division is carried out. Before division is ini 
tiated, the ML and MP devices will have been 
cleared, and likewise the RD accumulator will 
have been cleared. Accordingly, the amount of 
the divisor (C) can now be transferred over fron 
SP into the various ML devices after which null 
tiple build-up is effected. The amount of the 
previously computed product can be derived from 
LGR, but in deriving such amount therefrom 
there will be a pre-sensing of LGR to set up 
controls to govern the entry shift of this amount 
which now becomes a dividend amount. The 
machine accordingly shifts the product, now the 
dividend, upon entry into RD and dividing oper 
ations then ensue as in regular dividing follow 
ing LQ reset. Upon completion of such opera 
tions there is a recording of the result back on 
the card and an initiation of operations pertain 
ing to a following card. As in previously de 
scribed regular dividing recording on the card 
overlaps the reading in of the amounts from a 
following card. 
When dividing operations pertaining to one 

card, are completed, controls come into action 
which automatically shift the machine back to a 
multiplying condition for performing the multi 
plying calculation upon the following card. Pro 
vision is also made to clear the various accumul 
lators and multiple receiving devices at the proper 
times for effecting both kinds of operations. On 
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computed by the machine. That is to say, the 
shift back of final result recording is controlled 
by pre-sensing control which takes into account 
the position of zeros and significant digits in a 
divisor amount on the record and which control 
operates with another control which takes into 
account the presence of zeros and significant 
digits in an intermediate amount which is com 
puted by the multiplying portion of the problem. 
On computations of this type, the insertible 

plugboard of Fig. 29 will have established a plug 
connection between socket 364 (Fig. 22h) and 
socket Of. This will maintain relay coil AN 
energized throughout computations on all cards 
of a run. With coil AN energized, its related 
contacts will shift to reverse position from that 
shown. Energization of AN will close contacts 
AN- and energize relay coll AT which will re 
main energized throughout computations on all 
cards of a run. Energization of coil AT will 
shift its related contacts to reverse position fron 
that shown. 
The insertible plugboard will also establish con 

nections between the 309 sockets (Fig. 22e) and 
the 30 sockets and also the 3 sockets (Fig. 
22a), the entries flowing through Opertaining 
to the B amount and those through 3 per 
taining to the A amount. Other entry circuit 
plug Connections will be made from sockets 309 
to sockets 400 (Fig. 22d) to afford entry of the 
C amount into SP. In order that such Camount 
may be pre-sensed, the insertible plugboard af 
fords suitable plug connections between the 27 
sockets (Fig. 22a) and the 399 sockets (Fig. 22h). 
With this type of calculation, multiplication of 
the factors AXB takes place in identically the 
same manner as described for regular multiplying. 
As explained before, however, there must be 

a pre-Sensing control established for the C term 
as read from the record and such pre-sensing 
control not only selectively directs the shift to 
the left of the entry of C into SP, but it also 
sets up controls which are retained until final 
result recording. These pre-sensing controls will 
now be briefly described. 
When the record card is pre-sensed, the pres 

ence of Zeros in the field containing the C term 
of the calculation are detected by the pre-sensing 
brushes and there is a selective energization of 
the TTg to TTa, relays (Fig. 22h). The C term 
is considered as limited to two orders, but ob 
viously it can be of larger magnitude. If there 
is one zero preceding the significant digit of 
C, the TTg relay would be energized and TTf 
Would remain deemergized. 
When the card passes the regular reading 

brushes, the A term goes into the ML devices, 
the B term into MP and the C term is routed 
to SP with a shifted entry relation. 

In the typical problem of Fig. 41, the C term 
involves no zeros so neither of the coils TTg 
or TT are energized. With such relays both de 
energized, the TTg- contacts (Fig. 22c) are in 
the position shown so that there will accord 
ingly be an energization of coil WVg. In this 
instance, however, the energizing circuit for this 
relay is through the now closed AT-3 contacts. 
The energization of WWay closes the WWg-i- 
contacts (Fig. 22d) affording an entry circuit for 
the C amount from the sockets 400 through these 
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contacts to the lines 402. The entries flow Over 
lines 402 (Figs. 22d and 22h), through the now 
shifted AT-4-7 contacts, via the lines 408 (see 
also Fig. 22g) and lines 377 (see also Fig. 22c) 
to the 33SP accumulator magnets. The entry 
is made into SP clear to the left and such entry 
is always so made. With the computation being 
explained there is no shift called for and the 
entry is direct from the brushes under the control 
of the WVg- group of contacts. 
As previously explained for the particular con 

putation under consideration coils TTg or TTf 
were not energized. Accordingly, contacts 
TTg-2 (Fig. 22c) remain in the position shown 
and in the card feed cycle in which the C amount 
is analyzed and when XC-4 can contacts close, 
a circuit is completed from ground through 
XC-4, through the non-shifted AK-33 contacts, 
through the shifted AN-9 contacts, through the 
normally closed AK-34 contacts, through the 
TTg-2 contacts in the position shown, through 
the shifted AN-5 contacts, to and through relay 
coil Wt, through the shifted AN-2 contacts and 
back to line 30. Coil. Wit remains energized by 
virtue of stick contacts Wt-f, the stick circuit . 
extending to ground through can contacts FC-5. 
Relay coil Wt remains energized during the suc 
ceeding multiplying and dividing portions of the 
calculation. 

In order to permit pre-sensing of the C field 
of a following record, it is necessary to reset the 
TT set-up unit in the second half of a card feed 
cycle. Such reset is brought about by the energi 
zation of the set-up unit reset clutch magnet 
32 TT (see Figs. 1d, and 22d). 
circuit extends from line 30 through the closed 
AK-36 contacts, the now shifted AT-5 con 
tacts, clutch magnet 32fTT, through cam con 
tacts XC-5, to ground. 
As in regular multiplying operations, LQ reset 

initiates multiplying calculations and multiplica 
tion proceeds as previously explained. Upon 
completion of the multiple entry operations there 
is an RD to LQ transfer and a reset of the ML 
and MP receiving devices. 

After the product is obtained in LQ, the ma 
chine is ready to shift automatically to a divid 
ing status and to pre-sense the product amount 
in LQ to ascertain the column position of the 
amount in Such accumulator. As in regular mull 
tiplying, upon RD to LQ transfer, relay coil CA 
(Fig. 22e) becomes energized. With such coil 
energized, relay contacts CA-4 (Fig. 22d) are 
closed and the circuit is completed from ground 
through the now closed AT-8 contacts, through 
the closed CA-4 contacts, through cam contacts 
CC-30, to energize relay coil AE. AE is re 
tained energized through the stick circuit includ 
ing contacts AE- and cam cohtacts CC-3. 

Energization of relay coil. AE closes contacts 
AE-4 (Fig. 22h) and a circuit is completed from 
ground through the now closed AT-2 contacts, 
through the can contacts CC-33, through the 
AE-4 contacts, to and through relay coil AK to 
line 30. Relay coil AK upon being energized 
is maintained energized through contacts 
AK-26, the circuit being completed to ground 
through the closed ML-24 and AT-2 contacts. 
It will be recalled that relay coil AK is the relay 
which adjusts the machine for a dividing status 
and this relay on regular straight dividing was 
maintained energized constantly throughout di 
viding calculations. On regular dividing the en 
ergization of this relay was afforded by means of 
a plug connection. Upon energization of coil AK 
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2,828,610 
as just explained its related contacts shift to re 
verse position from that shown in the circuit dia 
gall. 
On regular dividing, relay coils N (Fig. 22g) 

were selectively energized under control of the 
pre-sensing brushes and in accordance with the 
pre-sensing of the dividend field of the card. 
With the present type of calculation this pre 
sensing of the card is eliminated and in lieu 
thereof the control of the energization of the N 
relays comes from LQR. This shift of control is 
brought about in the following manner: Shortly 
after relay coil AE (Fig. 22d) becomes energized, 
relay coil AF energizes under control of cam 
contacts CC-35. Energization of coil AF closes 
contacts AF-I-4 and AF-5 (Fig. 22h). With 
such contacts closed a circuit is completed from 
line 30 to the zero bus of LQR, and for the orders 
in which the brushes of the readout stand at 
zero, circuits are completed through the non 
shifted LQ--4 contacts via lines 409, through 
the now closed AF-1-4 contacts, through the 
now shifted AN- -? contacts (Fig. 22g) to 
the proper N relays. It will be understood that 
the N relays energized will be for the orders 
wherein zeros appear in the product amount in 
LQ. The N relays in question are in the N-R 
unit (Fig.1a). 

In regular dividing, building up of multiples 
was brought about under control of the XC can 
contacts and such can contacts were brought 
into rotation concurrently with card feed. Under 
the present type of operation card feed must be 
suppressed at this time, but the XC can contacts 
must be brought into operation to afford build-up 
of multiples. Also with this type of operation 
certain XC cam contacts are utilized to control 
transfer of the amount from SP into the multiple 
devices and transfer of the product amount from 
LQ into R.D. 
As in regular multiplying the ML devices be 

come reset following multiple entries. Such re 
set on regular multiplying causes energization of 
relay coil E. (Fig. 22d) and E on energizating 
closes contacts E-2, bringing about energization 
of the card feed clutch magnet 304 and the XC 
cam clutch magnet 32. Under the present type 
of operation, contacts AE-2 are open due to the 
energization of coil. AE at the time the contacts 
ML-22 close on ML reset. Accordingly, there is 
no energization of relay coil E and therefore 
there is no circuit completed to clutch magnets 
304 or 32 under the control of the E-2 con 
tacts. Upon energization of relay contacts AE, 
relay contacts AE-3 close and prior to the closure 
of Cam contacts CC-32 relay contacts AK-27 
will have shifted to reverse position. Further 
more, at this time the AT- contacts will also 
be shifted to position so that a circuit is estab 
lished from ground through cam contacts CC-32, 
through contacts AE-3, through the now shift 
ed AK-2T contacts, through contacts G-4 and 
AL-2 now closed, to energize the XC can clutch 
magnet 32. However, a possible energizing cir 
cuit to 304 will be interrupted in view of the shift 
of the AT- and AK-27 contacts. It may be 
mentioned that the AT- contacts remain shift 
ed throughout all computations of this type and 
such contacts are in shifted position at the time 
AK-27 shift, which shift occurs before CC-32 
close. 
RD reset may now be effected and the amount 

of the divisor standing in SP may be intered into 
the proper ones of the ML, accumulators. RD 
reset is brought about in the following manner: 
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Early in the first XC cam cycle relay coll AE 
still remains energized. Accordingly, upon clo 
sure of can contacts XC-8 (Fig. 22a) a circuit is 
established from line 30 through contacts AE-5 
and AK-5 in shifted position, through the XC-9 
can contacts to and through the 32 RD reset 
relay coil. RD reset then takes place in the man 
ner previously explained. Shortly after coil 
32 RD is energized, the initially closed XC-9 
contacts open up and such contacts when open 
interrupt a possible circult to the 32M reset 
relay coil, which circuit would be completed when 
the AE-5 contacts shift back to the position 
shown in the diagrania. 

During the RD reset cycle, upon closure of the 
XC- contacts (Fig. 22d) relay K becomes ener 
gized. Current supply is also afforded through 
XC-, via a branch circuit 43 which extends 
through the now closed AK-29 contacts, through 
the now shifted AN-T contacts, to and through 
relay coil WW. Accordingly, coil WW becomes 
energized concurrently with the energization of 
relay K. With relay coils WW and K thus en 
ergized, readout circuits and entry circuits are 
established from SPR to the proper ML receiving 
devices. Referring to Fig. 22c, the WW-2 and 
AT-9 contacts are now both in shifted position 
and current Supply is afforded from line 347 
through these contacts, and contacts SP-O 
which are in the position shown, to add emitter 
4.0. The impulses emitted by the add emitter 
flow through SPR, and out through the SP--4 
Contacts in the position shown, through the now 
shifted WW-3-6 and AN-3-6 contacts, to 
lines and 42, which lines extend via Figs. 22c. 
22b and 22a to the K--8 contacts. Branch 
lines also extend directly to the 33ML-1-2 ac 
cumulator magnets. The circuits from the 
K--8 contacts, now closed, extend to the 313 
line. 
On the two succeeding machine cycles build up 

of multiples is effected in the manner previously 
explained (see also Fig. 35). In the first of the 
Succeeding cycles or the second XC cycle, LQ to 
RD transfer is effected. It will be recalled that 
there was a sensing of LQR and a control set-up 
in accordance with the location of zeros in LQ. 
This control which was set up included the ener 
gization of coll Nith in accordance with the prob 
len of Fig. 41. Accordingly, contacts Nth-f are 
in tripped (shifted) position. A circuit is estab 
lished from ground through cam contacts 
XC-4, through contacts AN-2 now shifted, 
through contacts AK-lf now closed, through 
the shifted Nth- contacts, to energize relay 
coil Sh. Concurrently, with this operation the 
XC-1 cam contacts (Fig. 22d) close and estab 
lish a circuit to energize relay coil AG through 
the AN-8 contacts now closed. 

Referring to Fig. 22h, energization of relay AG 
closes Contacts AG-7 and places add emitter 
4 4 in circuit. This emitter emits impulses 
through IQR and proper impulses flow through 
contacts LQ-1-4 in the position shown to lines 
409, thence through the AC-i-4 contacts now 
closed, to lines 45 (see also Fig. 22g), through 
the now shifted AN-7-1 contacts, via lines 37 
(see also Fig. 22c.), through the now closed Sh-2 
group of contacts (which effect a shift to the 
left of the ultimate entry into RD), through the 
non-shifted AS-1-4 contacts, via lines 35a, 
(see also Fig. 22g), via lines 35, to the proper 
33RD accumulator magnets. This will have en 
tered the amount of the former product into RD 
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which amount now becomes the dividend for suc 
ceeding dividing calculations. 

Provision must be made to retain a control 
based on the pre-sensing of the computed product 
in IQ during dividing calculations in order to cor 
rectly effect shift back on final recording. Such 
control involves an energization of one of the 
W relays (Fig. 22c). The manner in which this 
retained control is set up is as follows: A circuit 
is established from ground through the XC-5 
can contacts, through the AK-33 and AN-9 
contacts both in shifted position, through the 
AI-4 and AM-5 contacts in the position shown, 
through the Sh- contacts now closed, through 
the AR-7 contacts, to and through the Wh relay, 
through the AR-3 contacts in the position 
shown, through the now closed AK-O contacts 
to line 30?. This will energize relay Wh which is 
retained energized through the stick circuit in 
cluding the Wh- contacts and the FC-5 cam 
contacts. 

During the last multiple buildup cycle follow 
ing the cycle in which the amount in LQ is trans 
ferred to RD, the LQ accumulator may be reset. 
This is brought about in the following manner: 
Referring to Fig. 22e, upon closure of can con 
tacts CC-3, a circuit is established from line 
30, through the now shifted AK-f contacts, 
through the XC-3 can contacts, through the 
AK-30 and AT-1 contacts now closed, through 
the non-shifted AS-9 contacts, to and through 
the reset relay coil 32 LQ. LQ then becomes re 
Set and such reset initiates the dividing calcula 
tions which take place in succession in the man 
ner previously explained for regular dividing. 
In order that an intermediate product amount, 

obtained during computations on a succeeding 
card, may be pre-senscod, it is necessary to reset 
the N-R setup unit. Such reset is effected 
during the third XC can cycle, or final divisor 
multiple build up cycle, by bringing about an 
energization of the 32N-R reset clutch mag 
net (see Figs. 1a and 22d). The energizing 
circuit is from line 30 through the closed AK 
25 contacts, clutch magnet 32 N-R, contacts 
AI-3 in the position shown, contacts AN-20 
in shifted position, through cam contacts XC 
6 to ground. 
As in regular dividing LQ reset brings about 

energization ff relay coil JJ (Fig. 22d) and the 
various dividing operations then ensue as pre 
viously described. Upon completion of the cus 
tomary dividing cycles the ML, and RD devices 
are reset. In addition, during such reset cycle 
provision is made to reset the SP accumulator. 

Referring to Fig. 22e the reset initiating circuit 
for 32ML and the 32 RD reset relays as previ 
ously explained for regular dividing includes lines 
33 and 338. In order to reset SP concurrently 
with the reset of the ML and RD devices, a sup 
plemental branch circuit is provided which is es 
tablished for this special type of computation. 
Commencing with circuit 337, contacts AK-3 are 
in shifted position and a circuit is completed 
through the AT-0 contacts now closed, to and 
through the 32 SP reset relay coil. Energization 
of 32 SP brings about SP reset in the customary 
manner. The AK--3 contacts also have another 
function at this time, viz., to cut off the reset cir 
cuit to 32 CY and 32 MP. 

Recording operations are brought about as in 
regular dividing and the relative shift on result 
recording will be controlled by the selective ener 
gization of the Z and AA relay coils. Such coils 
are selectively energized under the control of the 
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W and W relay coils. For the computation under 
consideration, since coil Wh is energized, contacts 
Wh-2 are closed and coil Zhi is energized. Also 
since coil Wit is energized, contacts Wit-2 are 
closed and coil AA is energized. Having com 
pleted operations pertaining to one card provision 
is made to automatically shift the controls of the 
machine back to a status in which multiplication 
is effected on the following card in the run. This 
control for shifting back from a dividing to a mull 
tiplying status following dividing computations, 
includes means to de-energize the relay coil AK 
which was maintained energized throughout di 
viding. De-energization of coil AK (Fig. 22h) is 
brought about as follows: The stick circuit from 
AK extends back through the AK-26 contacts. 
Upon ML, reset, contacts ML-24. Open and at the 
time car contacts CC-34 open, the stick circuit 
for A.P. will be broken to de-energize such relay. 
The associated contacts of AK then return to the 
positicn shown in the circuit diagram and the 
inachine is ready for multiplying operations on 
the Succeeding record. 

Energization of card feed clutch for a new mul 
tiplying computation is under the control of relay 
coil E (Fig. 22d) and contacts E-2. Contacts 
E-2 are now closed and during ML reset the 
ML-22 contacts close to afford an energizing 
circuit for coil E, through the AK-23 contacts 
which are in the position shown. On Such card 
feed clutch energization it will be understood that 
there is also an energization of the 32XC can 
clutch magnet. 

Special coinputation 

- A 
BX C 

Referring to Fig. 42, the machine is also adapt 
able for effecting computations of the general 
for In 

4 
BXC 

Generally the operation for this type of cornputa 
tion is as follows: The A amount is read from the 
record and is also pre-sensed. The pre-Sensing 
control shifts the entry of the A amount into SP 
on the card reading cycle. The C amount is en 
tered into MP and the B amount is entered into 
the MI, devices. Multiplying operations then foll 
low, the BXC part of the calculation being ef 
fected first. Ultimately the product of BXC be 
comes set up in LQ. There is thereupon a pre 
sensing of this amount in LQ and controls are 
set up to afford a selected shift back of the prod 
uct amount in Le upon transfer into the ML de 
vices. Also, after multiplication is completed the 
machine is adjusted for division calculations and 
the A amount in SP is transferred over into R.D, 
this amount now becoming the dividend. There 
after the usual build-up of divisor multiples and 
division operations occur and there is the final 
recording of the result on the record with a shift 
on final recording based conjointly on the pre 
sensing of the A term from the record and the 
sensing of the computed product in LQ. Follow 
ing the completion of operations pertaining to one 
card, the machine automatically shifts back to a 
multiplying condition and proceeds with the fol 
lowing computation on the next card. 
Upon this type of computation, the plugboard 

slide of Fig. 30 is inserted in the machine and such 
plugboard established a plug connection between 
socket 368 (Fig. 22h) and socket 46, thereby 

5 

O 

5 

20 

25 

30 

40 

45 

50 

60 

65 

70 

2,328,810 
maintaining relay coil AR energized throughout 
all computations of this type. Relay coil AR up 
on energization shifts all of its contacts to re 
verse position from that shown. Contacts AR-t 
when closed, cause energization of relay coil AT, 
whose contacts then assume a reverse position 
from that shown in the diagram. 
The insertible plug unit establishes entry pre 

sensing circuits as in the previous example. The 
entry circuits for the B amount are like those for 
A in the previous example, those for C are like 
those for B and those for A are like the entry and 
pre-sensing circuits previously used for C. 
With this type of computation, the pre-sensing 

and entry of the A amount are effected in exactly 
the same manner as for the pre-sensing entry and 
of the C amount in the previous problem. Entry 
of B and C occur in the same manner and over 
the same circuits as entry of A and B for the pre 
vious problem. In this previous problem the pre 
sensing of the C amount brought about a selected 
energization of the TT relays, which in turn, Se 
lectively energized Wrelays, the Wrelays pertain 
ing to a divisor shift. With the present problem 
it is desired that the selected energization of the 
TT relays energize not the W relays, but the V 
relays in a selected manner. 
For the previous problem the energizing cir 

cuits for the W relays extended through the 
shifted AN-f5-6 contacts (Fig. 22c). With 
the present problem these contacts are in the po 
sition shown and therefore there cannot be any 
energization of the W relay coils. On the other 
hand, the AR-6-9 contacts are in shifted rela 
tion, and with such contacts shifted there is a se 
lected energization of the W relay coils under the 
control of the T-2 contacts. 
With the problem of Fig. 42, the pre-sensing 

control will have tripped the TTg-2 contacts 
(Fig. 22c). Accordingly, a circuit is established 
from ground through can contacts XC-4, 
through contacts AN-f S and AK-34 in the posi 
tion shown, through contacts TTg-2 in shifted 
position, through contacts TTf-2 in the position 
shown, through the shifted AR-7 contacts, to 
relay coil Wh. Relay coll Wh will remain ener 
gized throughout all computing operations. 

All operations occur as in the preceding prob 
lem to and including the RD to IQ transfer, the 
reset of the ML and MP devices and a shift to a 
dividing status. A change occurs in the controls 
which are set up upon pre-Sensing LQR. These 
controls will now be explained. In the previous 
problem on sensing LQR, there was a selective en 
ergization of the N relays of Fig. 22g. With the 
present type of computation, the AN relay is not. 
energized and accordingly the contacts 
AN-f-f 4 are in the position shown so that 
there is no energization of the N relays. The 
AR relay is energized and accordingly the 
AR-3-4 contacts are in shifted position, Ac 
cordingly, there will be a selected energization of 
the R magnets under the control of LQR. With 
the problem of Fig. 42, there will be no energiza 
tion of either the Rt or the Ru coils. When tilf 
machine shifts to a dividing condition the XC 
can contacts will be clutched up in the manne" 
explained for the preceding problem. In the 
first XC cycle RD reset will be brought about in 
exactly the same manner as explained fir . . 
previous problem, However, in lieu of eit)"; i. 
an amount from SPR into the ML receiving de 
vices such amount is derived from the LQ accumu 
lator for entry into the ML devices. In trans 
ferring such amount there is a shift of the ent is 
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into the M. devices under control of the Trelay 
coils. Such relay cols are selectively energized 
under the control of contacts which are tripped or 
untripped according to the energization or non 
energization of the R cois. 

Referring to Fig. 22d with the AR relay ener 
gized, contacts AR- are closed and upon 
closure of can contacts XC-2 relay coil AG 
becomes energized. Now referring to Fig. 22c, 
since contacts AK-2 and AR-2 are in shifted 
position, when can contacts XC- close a cir 
cuit will be established through such contacts, 
through the non-tripped R- contacts, to ener 
gize relay coil Tit. Relay coil 3 also becomes 
energized under control of cam contacts XC-. 
Now referring to Fig. 22, inasmuch as relay coil 
AG is now energized, the AC-7 contacts are 
closed and add emitter is in circuit. Such 
emitter emits impulses through IQR, through the 
LQ-- contacts in the position shown, via lines 
09, through the AG-1-4 contacts now closed, 

via lines and 4ts (see also Figs. 22d, 22c, 22b 
and 22a), through the now shifted AG-5-6 con 
tacts, through the closed T-2 group of contacts 
direct to the ML-1-2 accumulator magnets 
or through the closed K--8 contacts to the 
other MT devices. 

Provision must be made to retain a control based on the pre-sensing of the computed product 
in LQ during dividing calculations in order to 
correctly effect shift back on final recording. 
Since coil Tt is energized, contacts Tit- are 
closed. Accordingly, when can contacts XC-4 
close, a circuit is completed to energize relay coil 
Wt through the non-shifted AN-9 contacts. 
Such relay will remain energized, to the end of 
the dividing operations. 
In the succeeding or second and third XC can 

cycles, multiple build-up occurs in the manner 
previously described. In the second cycle of the 
XC can cycle, the amount standing in SP 
is transferred over to R.D. Referring to Fig. 22d, 
relay contacts AS-2 are in closed position and 
upon closure of the XC-6 can contacts, a cir 
cuit is completed through the AN-fi contacts 
in the position shown to energize relay coil WW. 
With coil WW energized, the WW-2 contacts 
(Fig. 22c) are in shifted position. Likewise Con 
tacts AT-9 are shifted so that a circuit is con 
pleted to the add emitter if from wire 34. This 
emitter emits impulses through SPR which flow 
out through the non-shifted SP--4 contacts, 
the now closed WW-8-6 contacts, the AN-3-6 
and AJ-1-4 contacts both in the position 
shown, via lines S5, to the 33RD accumulator 
magnets. This will have transferred the amount 
of the A term from the SP accumulator into the 
RD accumulator. During this same cycle the 
N-R set-up unit is reset. Such reset is brought 
about by the energization of the 2N-R clutch 
magnet upon closure of cam contacts XC-5, 
the circuit to 2N-R extending through the 
non-shifted AL-3 and AN-2 contacts. 
In the final XC can cycle, LG reset is initiated 

in the manner explained for the previous compu 
tation. LQ reset thereupon initiates the usual 
dividing cycles which follow one after another 
until the computation is complete. There is a 
final reset of the M. devices, a reset of the SP 
and RD receiving devices and also there is initiat 
ing of the recording of the result and a shift back 
to a multiplying status. All of the foregoing op 
erations are exactly the same as described for the previous special computation. 
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39 
sequence of operations 

When the machine is adjusted for multiplying 
operations the sequence of machine cycles and 
the operations performed therein are shown dia 
grammatically in Fig. 31. During the card feed 
cycle which comprises two machine cycles, the 
amounts are read from the card and a bulld-up 
cycle takes place. In the third cycle build-up is 
completed and there is a reset of the LQ ace 
cumulator provided recording on the previous 
record is completed. If recording requires more 
than two machine cycles, IQ reset is delayed. 
Multiplying or computating machine cycles foll 
low in which multiple amounts are selectively 
entered into the product accumulators under 

Finally there 
is a gathering together cycle in which the amount 
in RD is transferred to A and during this same 
machine cycle there is a reset of the MI, and 
MP devices. Card feed for the following record 
is then effected during which punching on the 
previous record takes place. 
The diagram of Fig. 31 applies for detail card 

operations when the machine is adjusted for a 
rate multiplying condition except there is no MP 
reset. When a master card is handled in this 
type of run no computing or recording operations 
are effected. Accordingly when a master card 
appears in the run Fig. 31 is modifled in that a 
machine cycle or cycles labeled "Multiply' are 
eliminated. In lieu of a "Commence punching" 
operation in a card feed cycle there is a "Com 
mence skipping' cperation for a master card. 
Upon checking multiplying the sequence of 

machine operations is that shown in Fig. 32. It 
will be observed that many of the operations 
which take place during this type of run are 
similar to those which occur in regular multiply- . 
ing. In check multiplying, however, any previ 
ously recorded product is entered from a card 
into the SP accumulator in the first machine 
cycle of a card feed cycle. Following this there 
is a transfer of the true complement of the prod 
uct from SP into LQ. In lieu of initiating corn 
puting operations by a reset of LQ a reset of SP 
effects such computing initiaticn. In the reset 
and RD to LQ transfer cycle the LQ device is 
tested for an all zero condition. Such all zero 
status indicates a check condition and a follow 
ing card feed cycle takes place automatically dur 
ing which the checked card is escaped without 
recording through the punch. If a non-check 
condition is detected Such card feed and skipping 
operations are held up until there is manual in 
tervention. 

In Fig. 33 the sequence of operations is shown 
when the machine is adjusted for a dividing oper 
ation. In first card feed cycle (occurs in start 
ing up only) the dividend and divisor fields of 
each record are pre-sensed for the highest orders 
containing significant digits. During the first 
machine cycle of the next card feed cycle the 
divisor is entered into the MT devices and the 
dividend is entered into RD, both in shifted to 
the left relationship in accordance with the pre 
vious pre-sensing. In the two following cycles 
divisor multiple build-up is effected. In the first 
of these, or the second half of the card feed cycle 
the succeeding record is pre-sensed. Provided 
recording is completed on a previous record dur 
ing the second of these cycles LQ reset occurs 
during the next machine cycle to initiate dividing 
operations. As has been previously explained, a 
significant quotient digit is obtained in two ma 
chine cycles. In the first of these comparison is 
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effected between all nine divisor multiples and a 
selected comparison portion of the dividend. In 
the second of these a divisor multiple, selected 
in accordance with the comparison, is subtracted 
from the dividend and there is an entry of a re 
lated quotient digit in LQ. Such comparing, de 
ducting and quotient digit entering cycles follow 
until computing operations are terminated by the 
place limiting devices. It may be mentioned that 
if a non-comparison condition exists this is in 
dicative that the quotient digit is zero and the 
machine automatically eliminates the deducting 
cycle which normally follows and immediately 
follows with another comparing cycle. It will be 
observed that if the rounding off device is utilized 
the entry of a 5 takes place during a second con 
parison cycle provided such occurs. Upon termi 
nation of computing operations, there is a ma 
chine cycle in which reset of the ML, and RD de 
vices and initiation of punching occur following 
which card feed of the succeeding record takes 
place. 
When the machine is adjusted for rate dividing 

operations the sequence of operations shown in 
Fig. 33 applies to detail cards except there is no 
divisor entry and build-up. When a master card 
appears in a run the operations shown in Fig. 33 
are somewhat modified. The cycles in which 
divisor multiple build-up is effected take place for 
such master cards only. Inasmuch as computing 
cycles do not take place for master cards con 
paring and divisor multiple deducting and 
quotient digit entering cycles are also eliminated. 
Reset of the ML devices occurs only when the 
machine is apprised that a new master card is 
about to be analyzed. 
When the machine is set for checking dividing 

operations Fig. 34 shows the sequence of ma 
chine cycles. In addition to pre-sensing the divi 
dend and divisor fields the previously recorded 
quotient field is also pre-sensed so that in the 
entry cycle of a card feed cycle such quotient 
amount may be entered clear to the left in LQ. 
In lieu of entering the dividend amount into RD 
it is entered into SP. Divisor multiple build-up 
cycles are effected just as in Fig. 33. In the sec 
ond half of a card feed cycle, however, there is 
a transfer of the nines complement of the divi 
ded armount fron SP to R.D. Instead of initiat 
ing checking dividing computations by a reset of 
LQ such computing is now initiated by a reset 
of the SP device. As explained in detail previ 
ously, in the computing operations the nines 
complements of the divisor multiples are com 
pared with the nines complement of the dividend 
comparison portion. In lieu of deducting a se 
lected divisor multiple, in checking dividing such 
selected divisor multiple is added to the nines 
complemsnt of the dividend. Also, the nines 
complement of the related quotient digit is en 
tered into LQ. Complementary comparison and 
multiple adding and complementary quotient 
digit entering cycles follow until the place limit 
ing devices terminate computing operations. In 
the final multiple adding cycle the LQ device is 
tested for an all nine condition. If such condi 
tion exists it is an indication of a check cond 
tion and machine automatically follows with a 
cycle in which the ML, RD, and LQ devices are 
reset and the checked card is skipped through 
the punch. Thereafter card feed of a following 
record takes place. If however an all nine status 
is not detected indicating a non-check condition 
the aforementioned reset and card feed cycles 
are held up until there is a manual intervention. 
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When the machine is adjusted to perform the 

special computation 
AX B 
C 

the sequence of operations is that shown in Fig. 
35. It will be noted that during the first series 
of machine cycles the machine performs the mul 
tiplying portion of the computation. It then 
shifts to a dividing status and effects build-up 
of divisor multiples, in this instance for the 
amount C, and thereafter performs the dividing 
portion of the problem. Dividing computations 
are terminated by the place limiting devices and 
upon termination there is a cycle in which the 
ML, RD, and SP devices are reset, recording of 
the result is initiated, and the Inachine is re 
turned to a multiplying status. It should be 
mentioned that in the second half of a card feed 
cycle the C field of the record is pre-sensed to 
determine the highest order containing a signif 
cant digit so that in the feed cycle in which the 
C term is entered into SP it may be so entered in 
shifted to the left relationship. In the transfer 
and reset cycle following the multiplying portion 
of the problem the LQ device is pre-sensed to 
determine the highest order of the intermediate 
product amount which contains a significant 
digit. Also in this same machine cycle the ma 
chine is adjusted to a dividing status. In the 
first of the three cycles which then follow there 
is a reset of RD and a transfer of the C amount 
from SP to the ML devices. In the second and 
third of these cycles multiple build-up takes place 
and in the second the intermediate product 
amount is transferred to RD from LQ. In the 
third of these the LQ device is reset to initiate 
dividing computations. 

Fig. 36 shows diagrammatically the sequence 
of operations when the machine is set to perform 
the special computation 

4 
BX C 

As in the case with the previous special computa 
tion the multiplying portion of the problem is 
performed first. Thereupon the machine shifts 
to a dividing status and effects multiple build-up. 
Following this the dividing portion of the prob 
lem is performed. In the second half of a card 
feed cycle there is a pre-sensing of the A term 
field of the record to determine the highest order 
in which a significant digit occurs so that upon 
entry of the A term into SP in a following card 
feed cycle such entry is effected with a shift to 
the left relationship. During the first of the 
three machine cycles which follow the machine 
cycle in which the machine adjusted for a divid 
ing status the RID device is reset and there is a 
transfer of the intermediate product amount 
from LQ to the ML devices. In the two follow 
ing machine cycles multiple build-up is effected. 
In the first of these two cycles there is a transfer 
of the A term from SP to RD and in the third 
of these the LQ device is reset to initiate dividing 
computations. 

Certain features of the present invention re 
lating to division forms the subject matter of 
our divisional copending application, Serial No. 
284,188, fled July 18, 1939. 
What we claim is: 
1. In a nultiplying machine, a multiplying 

control means for multiplication comprising mull 
tiplier digit readout means, means for entering 
therein multiplier digits including significant 
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digits and possible zeros in one or more orders of 
said readout means, a switch invariably operable 
step by step concomitant with successive machine 
cycles for causing the successive readout of said 
multiplier digits in said readout means, means 
for causing upon the presence of zeros in the 
multiplier and by a single stepping movement of 
said switch a readout of a non-adjacent order 
of said readout means, and record controlled 
means for controlling the operation of said last 
named means selectively according to the pres 
ence or absence of zeros in the multiplier. 

2. A cycle controller for a multiplying machine 
for in succession, establishing-circuits to different 
orders of a multiplier readout and for causing 
operations only for significant digit containing 
orders, said cycle controller comprising in con 
bination a stepping switch which invariably steps 
from contact to contact Once for each machine 
cycle, changeable circuit routing means inter 
mediate the contacts of the stepping switch and 
the orders of the multiplier readout for changing 
the connection relations between the Switch con 
tacts with respect to the orders of the readout 
whereby upon a single step of advance of the 
switch circuits may be established successively in 
non-adjacent orders through the readout, and 
record controlled means for controlling the said 
circuit routing means selectively according to the 
presence or absence of zeros on a record. 

3. A calculating machine for performing mul 
tiplication and division, comprising factor re 
ceiving means to receive a divisor or a multipli 
cand factor, settable source means for different 
amounts representing the divisor or multiplicand 
and multiples thereof, means to set all said set 
table source means so that different complete 
multiples based upon a received divisor or multi 
plicand can be concurrently derived therefrom, 
said setting means including the aforesaid factor 
receiving means, means to receive dividend and 
multiplier factors, entry receiving means, divid 
ing mechanism including comparing means co 
acting with the second-named factor receiving 
means according to a dividend factor and with 
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45 the settable source means to select one of the concurrently available multiples and entry effect 
ing means for entering a quotient, determined 
as to amount by the comparing means according 
to the selected multiple, into the entry receiving 
means, alternative entry effecting means coact 
ing with the second-named factor receiving 
means according to a multiplier factor to enter 
multiplier-selected multiples of a multiplicand 
from the source means into the entry receiving 
means to form a product result therein of the 
multiplication of the multiplicand and multiplier 
factors, selectively conditionable means to ini 
tiate division or multiplication, and means con 
trolled by the conditionable means when condi 
tioned to initiate division for rendering the 
first-named entry effecting means effective and 
when conditioned to initiate multiplication for 
rendering the alternative entry effecting means effective. 

4. A calculating machine including calculating 
devices including multiplying devices and divid 
ing devices; said multiplying devices performing 
a first step of a calculation which involves a 
multiplication of two terms and said dividing 
devices performing a second step of a calcula 
tion involving division wherein a third term and 
the product obtained by said inultiplying devices 
are terms of the division calculation, said calcu 
lating devices including; entry receiving means 
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for all three terms, multiple settable source 
means for all digital multiples of one term, means 
controlled by the receiving means receiving one 
term for building up and rendering concurrently 
available upon said source means all digital, 
multiples of said one term, and intermediate 
result receiving means and final result receiving 
means which receive digital multiples under the 
control of the multiple source means and under 
the selective control of the entry receiving means 
for a second term, means to bring the calculating 
devices for the first step of the calculation into 
operation to finally set up the product result in 
the final result receiving means as a computed 
term to enter into the division calculation with 
the third term, means to clear the intermediate 
result receiving means and the multiple receiving 
and settable source means, means to transfer 
one of the latter two terms from the receiving 
means in which such term stands to the inter 
mediate result receiving means and the other 
of the latter two terms to the multiple receiving 
and source means, means to cause multiples of 
the said other term to be built up and rendered 
available upon the source means, and means to 
bring the calculating devices for the second step 
of the calculation into operation, with said divid 
ing devices comprised in the calculating devices 
acting during the second step of the calculation 
and including means to effect comparison of each 
of the latter multiples of said other term, serving 
as a divisor, with a comparison portion and one 
or more successive remainder comparison por 
tions of the term now serving as a dividend in the 
intermediate result receiving means so as to 
select multiples and corresponding quotients and 
means to subtractively enter the selected multi 
pies in the latter receiving means after each 
comparison operation to obtain the next re 
mainder comparison portion and means to set up 
the final quotient result in the final result re ceiving means. 

5. A calculating machine including calculating 
devices including multiplying devices and dividing 
devices; said multiplying devices performing a 
first step of a calculation which involves a mull 
tiplication of two terms and said dividing devices 
performing a second step of a calculation involv 
ing division wherein a third term and the product 
obtained by said multiplying devices are terms 
of the division calculation, said calculating de 
vices including; entry receiving means for all 
three terms, multiple settable source means for 
all digital multiples of one term, means Con 
trolled by the receiving means receiving one term 
for building up and rendering concurrently avail 
able upon said source means all digital multiples 
of said one term, and intermediate result receiva 
ing means and final result receiving means which 
receive digital multiples under the control of the 
multiple source means and under the selective 
control of the entry receiving means for a second 
term, means to bring the calculating devices for 
the first step of the calculation into operation to 
finally set up the product result in the final 
result receiving means, means to clear the inter 
mediate result receiving means and the multiple 
receiving and settable source means, means to 
transfer the computed product term and the 
third term from the receiving means in which 
such amounts stand to the intermediate result 
receiving means and to the multiple receiving 
and source means respectively, means to cause 
multiples of the third term to be built up and 
rendered available upon the source means, and 
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means to bring the calculating devices for the 
second step of the calculation into operation to 
set up the final quotient result in the final result 
receiving means, said dividing devices being 
active during said second step of calculation and 
including means to effect comparisons of the 
latter multiples with a comparison portion and 
One or more successive remainder comparison 
portions of the computed product term trans 
ferred to the intermediate result receiving means, 
and now Serving as a dividend, so as to select 
multiples and related quotients, and including 
means to subtractively enter the multiple, se 
lected by each comparison operation, in the 
intermediate result receiving means to obtain the 
next remainder portion for the next comparison 
operation. 6. A calculating machine comprising calculat 
ing mechanism for performing multiplication and 
division, said mechanism including as common 
means therefor factor multiple providing devices, 
including a plurality of settable source means 
from which each of all of the different complete 
digital multiples of a factor may be concurrently 
derived, said factor being the multiplicand upon 
multiplying computations and the divisor upon 
division calculations, said mechanism also in 
cluding receiving means for the multiplier and 
for the dividend which constitute the other factor 
in either calculation, result receiving means for 
products and for quotients, said calculating 
mechanism also including comparing mechanism 
which is utilized for dividing calculations, factor 
determining means for determining pre-repre 
sented multiplicand and multiplier factors or 
dividend and divisor factors, of which the mul 
tiplier or dividend factor is entered into the said 
receiving means therefor and of which the mull 
tiplicand or divisor factor is entered into certain 
of the multiple providing devices, means to 
transmit and route entries from all of the set 
table source means to the comparing mechanism 
upon dividing calculations and means also effec 
tive on dividing calculations controlled by the 
comparing means to transmit and route entries 
from a selected settable source means to the 
dividend receiving means, means under the con 
trol of the receiving means for the multiplier 
factor to selectively transmit and route entries 
from the settable source means to the product 
receiving means upon multiplying calculations, 
and shiftable connecting devices conditioned 
during division calculations to enable the first 
mentioned transmitting and routing means to 
be effective to route entries to the comparing 
means and dividend receiving means from the 
settable source means and to suppress entries to 
the products receiving means and conditioned 
during multiplying Operations to Suppress entries 
pertaining to division calculations and to enable 
the product entry transmitting and routing 
means to be effective to transmit and route Se 
lected product entries and common control 
means for determining the status of the afore 
said shiftable connecting devices. 

. A calculating machine comprising calculat 
ing mechanism for performing multiplication and 
division, said mechanism including as common 
means therefor factor multiple providing devices, 
including a plurality of settable source means 
from which each of all of the different complete 
digital multiples of a factor may be concurrently 
derived, said factor being the multiplicand upon 
multiplying computations and the divisor upon 
division calculations, said mechanism also includ 
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ing receiving means for the multiplier and for the 
dividend which constitute the other factor in 
either calculation, result receiving means for 
products and for quotients, said calculating 
mechanism also including comparing mechanism 
which is utilized for dividing calculations, factor 
determining means for determining pre-repre 
sented multiplicand and multiplier factors or 
dividend and divisor factors, of which the multi 
plier factor or dividend factor, whichever is 
represented, is entered into, said receiving means 
therefor and of which the multiplicand or divisor 
factor, whichever is represented is entered into 
certain of the multiple providing devices, shift 
able connecting devices for selectively connecting 
the settable source means of the common means 
to the comparing mechanism for dividing calcu 
lations and for disconnecting them from the 
result receiving means utilized for multiplication 
or for connecting then to the result receiving 
means for multiplication and disconnecting them 
from the comparing mechanism, and means 
operative upon multiplying calculations for fur 
ther selectively controlling said shiftable con 
necting devices by the receiving means for the 
multiplier factor, control means for the shiftable 
connecting devices, Said control means including 
a single Operation determining relay which, when 
energized, brings about one type of calculation 
and which, when de-energized, brings about the 
other type of calculation and changeable circuit 
control means for controlling the energization 
and de-energization of said relay. 

8. A calculating machine comprising calculat 
ing mechanism for performing multiplication and 
division, said mechanism including as common 
means therefor factor multiple providing devices, 
including a plurality of Settable source means 
from which each of all of the different complete 
digital multiples of a factor may be concurrently 
derived, said factor being the multiplicand upon 
multiplying computations and the divisor upon 
division calculations, Said mechanism also in 
cluding receiving means for the multiplier and 
for the dividend which constitute the other factor 
in either calculation, result receiving means for 
products and for quotients, said calculating 
mechanism also including comparing mechanism 
which is utilized for dividing calculations, factor 
determining means for determining three pre 
represented factors, one of which is entered into 
the receiving means for the other factor and 
another of which is entered into certain of the 
multiple providing devices, shiftable connecting 
devices for selectively connecting the settable 
Source means of the common means to the com 
paring mechanism for dividing calculations and 
for disconnecting then from the result receiving 
means utilized for multiplication or for connect 
ing them to the result receiving means for multi 
plication and disconnecting them from the con 
paring mechanism, and means operative upon 
multiplying calculations for further selectively 
controlling said shiftable connecting devices by 
the receiving means for the multiplier factor, 
control means for the shiftable connecting de 
vices, said control means including a single oper 
ation determining relay which, when energized, 
brings about one type of calculation and which, 
when de-energized, brings about the other type 
of calculation and changeable circuit control 
means for controlling energization or de-ener 
gization of said relay, the aforesaid circuit con 
trol means including an automatically controlled 
relay brought into operation when the calculat 



2,888,810 
ing mechanism completes one type of calculation 
and the result amount thereof is in the result 
receiving means and automatic means also 
brought into operation upon completion of the 
latter calculation for entering the third pre 
represented factor and the result amount, one 
in the said receiving means for the other factor 
and the other in the multiple providing devices, 
to serve as the terms of the other type of calcu 
lation, and means under control of said relay, 
when brought into operation, for initiating said 
other type of calculation to form a new calcu 
lated result amount in the result receiving means. 

9. A calculating machine for performing mull 
tiplication and division, comprising settable. 
Source means for an amount and multiples 
thereof, means to set said source means to render 
available a divisor amount and digital multiples 
thereof or a multiplicand amount and digital 
multiples thereof, means to receive dividend and 
multiplier terms, entry receiving means, product 
entry transmitting means effective during mull 
tiplication to transfer selected multiples of a 
multiplicand from the source means to the entry 
receiving means, and means controlled by the 
multiplier receiving means to select such mul 
tiples, comparing means effective during division 
to compare the multiples of a divisor set up in 
the source means with a comparison portion of 
a dividend in its receiving means, means effective 
during division to control the comparing means 
by the source means according to the multiples 
of the divisor set up in the source means, com 
mon calculation initiating means for both divi-, 
sion and multiplication calculations, means con 
ditionable selectively to cause division of multi 
plication calculations to be performed, means 
controlled conjointly by the common initiating 
means and by the conditionable means when 
conditioned for multiplication calculation to 
cause operation of said product entry transmit 
ting means, and means alternatively controlled 
conjointly by the common initiating means and 
by the conditionable means when conditioned for 
division calculation to cause operation of the 
comparing means under control of the multiples 
source means and the dividend receiving means. 

10. A calculating machine which includes di 
viding mechanism and multiplying mechanism, 
both of said mechanisms comprising common 
Settable source means for all of the different 
digital multiples of the divisor or multiplicand, 
common calculation initiating means for both 
division and multiplication calculations, means 
conditionable selectively to cause dividing or 
multiplying calculations to be performed, means 
controlled conjointly by the initiating means 
and by the conditionable means when condi 
tioned for multiplying calculations to effect oper 
ation of the multiplying means under control of 
said settable source means which afford different 
digital multiples of a multiplicand and which 
are selected in accordance with multiplier digits, 
and means alternatively controlled conjointly by 
the common initiating means and the condi 
tionable means when conditioned for dividing 
calculations to effect operation of the dividing 
mechanism in accordance with a dividend and 
under further control of the same settable source 
means which afford different digital multiples 
of the divisor. 

11. A calculating machine according to claim 
10, having dividing calculation terminating 
means and multiplication calculation terminat 
ing means brought into operation respectively 
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by the first and second mentioned controlled 
means and each terminating means including a 
common calculation termination control device 
effective after one or more steps of either a 
dividing calculation or a multiplication calcula 
tion have been performed, 

12. A cyclically operating calculating machine 
in which result recording means is provided to 
record the result of a calculation, said calculating 
machine having dividing mechanism and multi 
plying mechanism for performing dividing and 
multiplying calculations in successive cycles for 
each calculation, each mechanism having in Com 
mon, settable source means for all the digital mull 
tiples of a divisor or multiplicand, means for set 
ting the machine to perform either division or 
multiplication, sequence control means effective 

20 

25 

30 

35 

40 

45 

50 

55 

O 

65 

O 

when the machine is set for division to cause 
successive cycles of dividing calculations to be. 
performed in accordance with dividend portions 
and under further control of the settable source 
means according to multiples of a divisor, se 
quence control means effective when the machine 
is set for multiplication to cause successive cycles 
of multiplication to be performed under control 
of the same settable source means according to 
multiplicand multiples selected in accordance 
with multiplier digits, calculation terminating 
means including a common calculation terminat 
ing device operated by either of said sequence 
control means after one or more cycles of either 
multiplication or division has been effected, and 
means brought into operation by the calculation 
terminating means upon operation of the con 
mon terminating device thereof for initiating 
operation of the result recording means. 

13. A calculating machine in which result re 
cording means are provided to record the result 
of a calculation in columns of a sheet, said na 
chine having dividing mechanism and multiply 
ing mechanism, common result receiving means, 
means for effecting operation of the dividing 
mechanism to obtain a quotient result and enter 
the quotient result in the result receiving means, 
means for effecting operation of the multiplying 
mechanism to obtain a product and enter the 
product into the result receiving means, means 
settable when the machine is performing division, 
in accordance with the denominational magni 
tude of the dividend and divisor, common select 
ing devices for selecting the columns of the sheet 
in which the result is to be recorded, means for 
operating said devices in one way upon terminat 
ing of multiplication calculation to select the 
Columns in which the product is to be recorded 
and means under control of the said settable 
means for variably controlling operation of said 
devices to variably select the columns in which 
the quotient is to be recorded, and means con 
trolled by the common result receiving means for 
operating the recording means to record the 
result in the selected columns. 

14. A cyclically operable accountin machine 
in which record handling means are provided to 
feed a record to and through recording means, 
said machine having dividing mechanism and 
multiplying mechanism, common result receiving 
means to receive a product result formed by the 
multiplying mechanism or a division calculation 
result formed by the dividing mechanism, reset 
means for the result receiving means, calculation 
initiating means, means automatically brought 
into operation by said record handling means 
and upon the record arriving at a predetermined 
position with respect to the recording means for 
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controlling Said reset means and causing the 
calculation initiating means to be effective upon 
resetting of the result receiving means, calcula 
tion selecting means for determining which cal 
culating mechanism, the dividing or multiplying 
mechanism is to be thus initiated and operated 
by the initiating means, and means controlled 
by the result receiving means for causing the 
recording means to record the calculation result 
of the selected calculation upon said record. 

15. An accounting machine having multiplying 
mechanism to multiply two terms to obtain their 
product and dividing mechanism to divide the 
product into a third term, receiving means for 
the three terms, a common result receiving 
means, calculation selecting means pre-condi 
tioned to cause operation of the multiplying 
nechanism to form product entries and to trans 
mit these entries to the result receiving means 
with such entries being determined as to amount 
by the receiving means for the first two men 
tioned ternS, means to manifest completion of 
the multiplication, means controlled thereby for 
clearing the receiving means of the multiplicand 
term involved in the multiplication, means also 
controlled thereby for automatically transferring 
the product from the result receiving means to 
the cleared receiving means and for resetting 
the result receiving means, means also controlled 
by said manifesting means for automatically re 
conditioning said calculation selecting means to 
select a dividing phase of the machine, and 
means automatically brought into operation 
under control of the reconditioned calculation 
Selecting Ineans and upon resetting of the result 
receiving means for causing operation of the 
dividing mechanism to form quotient entries 
determined as to amount by the receiving means 
containing the product and by the receiving 
means for the third term and for transmitting 
the quotient entries to the result receiving means, 
whereby the final result of the product of the 
first two terms divided into the third term is 
obtained by an automatic sequence of operations 
without intervening manipulative operations. 

16. A calculating machine including calculat 
ing devices including multiplying devices and 
dividing devices; said multiplying devices per 
forming a first step of a calculation which in 
Wolves a multiplication of two terms anu said 
dividing devices performing a second step of a 
calculation involving division wherein a third 
term and the product obtained by said multiply 
ing devices are terms of the division calculation, 
said calculating devices including; entry receiv 
ing means for all three terms, multiple settable 
Source means for all digital multiples of one 
term, means controlled by the receiving means 
receiving one term for building up and rendering 
concurrently available upon said source means 
all digital multiples of said one term, and inter 
Inediate result receiving means and final result 
receiving saeans which receive digital multiples 
under the control of the multiple source means 
and under the selective control of the entry re 
ceiving means for a second term, means to bring 
the calculating devices for the first step of the 
Calculation into operation to finally set up the 
product result in the final result receiving means. 
means to clear the intermediate result receiving 
means and the multiple receiving and settable 
Source means, means to transfer the computed 
product and the third term from the receiving 
means in which such amounts stand to the inter 
mediate result receiving means and to the mull 
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tiple receiving and source means, means to cause 
multiples of the third term to be built up and 
rendered available upon the source means, and 
means to bring the calculating devices for the 
Second step of the calculation into operation to 
set up the final result in the final result receiving 
means, the calculating machine being provided 
with record controlled means to control the 
entry of the three terms into the receiving means 
therefor and including in combination therewith 
neans to pre-sense each record to ascertain the 
denominational magnitude of the third tern 
thereon, column shift means controlled by said 
pre-sensing means to variably direct the entry 
of said third term into the receiving means for 
such term, supplemental control means under 
the control of the aforesaid column shift means 
for retaining a control set up, means to determine 
the denominational magnitude of the result in 
the first step result receiving means when such 
result is obtained therein, column shift means 
controlled by the last mentioned determining 
means to control the variable denominational 
relation of the transferred entry into the receiv 
ing means for such entry, other supplemental 
control means which retain a control set up 
related to the second named column shift means 
under control of such column shift means, re 
cording means controlled by the final result 
receiving means for recording the final result, 
and column shift means intermediate the record 
ing means and the final result receiving means 
under the conjoint control of both of the fore 
going supplemental control means for control 
ling shift back upon final recording. 

17. A record controlled accounting machine 
with record handling means for passing a succes 
slon of separate records one by one through the 
machine, each separate record bearing represen 
tations of the amounts of three different factors, 
record Sensing means for concurrently sensing 
each record for its three sets of factor represen 
tations, three receiving means each controlled by 
related sensing means and all operative in a 
single entry cycle to manifest the amounts of all 
three different factors, multiplying mechanism 
controlled by two of said receiving means accord 
ing to amounts manifested therein for multiply 
ing the factor amounts manifested therein, 
product result receiving means for receiving the 
products afforded by the multiplying mechanism, 
dividing mechanism controlled by the receiving 
means for the third factor according to the 
amount manifested therein and by the product 
receiving means according to the product ob 
tained by the multiplying mechanism for effect 
ing a dividing calculation, and quotient receiving 
nears for receiving the final result of the com 
bined multiplying and dividing calculation per 
taining to three factors all derived from a com 
mon record, and automatic sequence control 
means to first cause entry of the three factors 
into their respective receiving means and to 
thereafter control the sequence of operation of 
the multiplying mechanism and the dividing 
mechanism. 

18. A calculating machine having receiving 
means for multiplicand, multiplier and dividend 
terms and for computed result amounts, dividing 
mechanism and multiplying mechanism includ 
ing common settable source means comprising 
electrical value readout devices, settable to con 
currently render available all the different digital 
multiples of a multiplicand or a divisor in the 
receiving means therefor, said multiplying mech 
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anism further including column shift control 
switch means and product entry circuits, includ 
ing contacts closed under control of the column 
shift control SWitch means, further including 
contacts closed under control of the multiplier 
receiving means according to multiplier digits 
therein, and further including the electrical read 
out devices selected by and electrically connected 
to the contacts closed under control of the mu 
tiplier receiving means, to cause entry of prod 
uct amounts in the result receiving means, said 
dividing mechanism further including division 
calculation sequence control switch means, con 
paring means for comparing multiples of a 
divisor in Said source means with comparison 
portions of a dividend in a dividend receiving 
means to Select quotient amounts and quotient 
entry circuits including contacts closed under 
control of the comparing means in accordance 
With the selected quotient amounts and contacts 
closed under control of the said sequence control 
means for entering the quotient amounts in the 
result receiving means, and a calculation select 
ing master control to select either the dividing or 
multiplying mechanism for operation and to 
cause the one or the other of said control switch 
means to be operative depending upon which 
type of calculation has been selected to be per 
formed. 

19. A cyclically operable accounting machine 
having multiplying mechanism to multiply two 
terms to obtain their product and dividing mech 
anism to divide the product by a third term, re 
ceiving means for the three terms, a common re 
sult receiving means, calculation selecting means 
initially conditioned to cause operation of the 
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multiplying mechanism to form product entries 
and transmit these entries to the result receiving . 
means with such entries being determined as to 
amount by the receiving means for the first two 
terms, means to manifest completion of the mul 
tiplication, means controlled thereby for clearing 
the receiving means of the multiplicand term in 
wolved in the multiplication, means also con 
trolled thereby for automatically reconditioning 
said calculation selecting means to select a divid 
ing phase of the machine, means controlled by 
the reconditioned calculation selecting means for 
automatically transferring the third term from 
the receiving means therefor to the now-cleared 
receiving means, dividend receiving means, 
means also controlled by the reconditioned cal 
culation selecting means for automatically trans 
ferring the product from the result receiving 
means to the dividend receiving means and for 
resetting the result receiving means, and means 
automatically brought into operation under con 
trol of the reconditioned calculation selecting 
means and upon resetting of the result receiving 
means for causing operation of the dividing 
mechanism to form quotient entries determined 
as to amount by the dividend receiving means, 
containing said product, and by the receiving 
means, to which the third term has been trans 
ferred, and for transmitting the quotient entries 
to the result receiving means, whereby the final 
result of the product of the first two terms divided 
by the third term is obtained by an automatic 
sequence of operations without intervening 
manipulative Operations. 
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